United States Air Force
Environmental Restoration Program

Handbook for Remediation of

Petroleum-Contaminated Sites
(A Risk-Based Strategy)

Prepared For

Air Force Center for Environmental Excellence
Technology Transfer Division
Brooks AFB, Texas

April 1998



TABLE OF CONTENTS

Page

EXECUTIVE SUMMARY ..ottt sttt st ES1
ACRONYMSAND ABBREVIATIONS.......coiiiiiiesesiesesesee et iv
ACKNOWLEDGEMENTS ... .ottt sttt sne s Vil
SECTION 1 - INTRODUCTION......cciiiiiiriiniinieniiniesieie et sse e sse s s 1-1
1.1  Recent Trendsin Fuel Spill Remediation ..........cccccoovveiiiieiecie s 1-1
111 AFCEE INITIEHIVES ...ceeiiiiiisiesiesiesie sttt 1-1

1.1.2 National Research Council -Alternatives for Groundwater Cleanup....... 1-2

1.1.3 ASTM Risk-Based Corrective Action (RBCA) Standard........................ 1-2

1.1.4 Lawrence Livermore National Laboratory (LLNL) Study ..........c.cc......... 1-2

115 TexaSPlumME SIUAY......ccccceiieiiee e 1-3

1.1.6 REQUIGLONY PrOgreSS.......cccieiueeiesieeieseesteeeesseesteseesseesesseesseesesseessesnsenns 1-3

1.2 Organization of The HandDOOK...........ccoveieiieiecie e 1-4
SECTION 2 - SITE CLOSURE STRATEGIES.......ccoooiiieneereee e 2-1
2.1  RequirementsSfor Sit€ SCreening......ccccoeieeieieere e 2-2
2.1.1 Review of Available Site Data...........ccocerereriririeee e 2-2

2.1.2 Determining Current and Future Land USe...........cccovevevvieeiecceeseesiesnns 2-4

2.1.3 Developing a Conceptua Site Model (CSM) ...cvvevvieeiicie e 2-6

2.1.4 Estimating Natural Attenuation in Soil and Groundwater ..................... 2-10
2141 Natura Attenuation in SOil.........ccocceveeinieninienene s 2-10

2.1.4.2 Natura Attenuation in Groundwater .............ccoceeverererenenes 2-11

2.1.5 Determining The Applicable Regulatory Framework..........c...ccccvneee. 2-12

2.1.6 Selecting aSite Closure APProach..........cccceeveeieeresieseese e 2-13

2.2  Managing Risk Through Pathway Elimination............ccccccceeeeieeieseesesceeseene 2-14
2.2.1 Completing aPathway ANalYSIS.......cccccviiereiieiiere e 2-14

2.2.2 Establishing Institutional Controls...........ccccvvveeveevesieeseece e 2-16

2.2.3 Evauating Source REAUCLION..........ccceveiieriieieceese e 2-17

2.2.4 Using Natural Attenuation for Plume Containment.............cccccceeveuenee. 2-18

2.3  Remediation to Risk- Based Cleanup Goals.........cccceeruverieieeieeiieseese e 2-19
2.3.1 Fundamentals of Risk-Based Corrective Actions (RBCA).........c.......... 2-20

2.3.1.1 Using Tier 1 Generic Screening Levels.........ccccccevvecievieenene 2-20

2.3.1.2 Developing Tier 2 Site-Specific Cleanup Goals.................... 2-21

2.3.2 Attaining Cleanup Goals Using Natural Attenuation...........cccccccevveueenee. 2-23

2.3.3 Attaining Cleanup Goals Through Source Reduction..............cccccveueee. 2-24

24  Modified Site CloSUre SErategi€S........ccveiueeeeieerieeeeseeste e see e ae e sae s 2-24
SECTION 3 - EVALUATING SOURCE REDUCTION TECHNOLOGIES................. 31
3.1 Determining The Need for Source REUCLION...........ccceveeiieieeriecce e 31
3.1.1 TheNo Source Removal OptioN.........ccccceeveeiieiieseeeeseesee e eee e 31

3.1.2 TheEngineered Source Reduction OptioNn..........cccccveveveeveiceeieciie e 3-2

022/D:\AF Risk\Data\6.DOC



TABLE OF CONTENTS (Continued)

Page

3.2  ldentifying The Remediation Target .........cccooveeeieeiesieese e 34

3.3  Source Reduction Technology Selection ProCess..........cccvveeeveeceseesiesiieseennns 3-6

3.3.1 Technologies With Widespread AppliCation ...........cccceeveeveiieeieeiiesieennnns 3-7

3.3.2 Technologies With Limited Application...........ccccccevvveveeivececeesiece 3-16

34  Remediation Timeand Cost ESIMELES..........ccoiriririeriniieieie e 3-22

G T Lo 1=~ o 3-22

SECTION 4 - PLUME REMEDIATION ... .ccciiiiirieieiesie st sneas 4-1

4.1  Review of Regulatory OPtiONS.........ccceieerieiesieseeie e sieesieseesreeseesree e eseesneensens 4-1

4.2 Plume CONtAINMENT.....c.ciiiitiiiitesieetireeeeie e e et sbe st sresre s 4-2

4.2.1 Potential APPlICALIONS.......ccciuiiieiierieeiese et ne s 4-2

4.2.2 Demonstrating Plume Stability or Limited Migration...........c..cccceevueennne 4-3

4.2.3 Institutional Controlsfor GroundWaLES ...........cocerereeienenesese s 4-5

4.2.4 Establishing a Plume Containment Monitoring Strategy .........ccccoeveennen. 4-6

4.24.1 Locating Point-of-Action WEllS........ccceoveieieeieceseee e, 4-6

4242  MONItOriNG FIEQUENCY .....cceeireeeecieeie e eee e 4-7

4.3  Remediating Plumesto Cleanup GOalS........ccccceeveeeeeieerieeiie e e 4-8

4.3.1 Potential APPlICALIONS.......ccciviieiieieceese e 4-8

4.3.2 Using Natural Attenuation to Achieve Risk-Based Cleanup Goals......... 4-9

4.3.3 Combining Natural Attenuation and Engineered Remediation.............. 4-10

4.4  Establishing a Remediation Monitoring Plan...........cccccovevviceviece e 4-11

4.4.1 Primary Components of a Groundwater Monitoring Plan ..................... 4-11

4.4.2 Optimizing Long-Term Monitoring Plans...........cccccvvveveevecceceesiee 4-13

SECTION 5 - DOCUMENTATION ...ttt sttt nneas 5-1

51  Ganing ReguIatory ACCEPLANCE..........coiveiueiieirieieeeeeseeieeseesreeseeseesseeeesseensesneens 5-1

52  Preparing @WOrK Plan .........ocviieiiceceseee et 5-2

5.3  Regulatory Participation In Risk Evaluation............ccceceveeieeieseese e 5-4

54  Preparing aNo Further Action Closure DOCUMENLt ..........ccceeeereeieeseerieseerie s 5-5

55  Preparing The Remedia ACtion Plan.........cccoveiiieiecce e 5-5

55  Effective PreSentalions........cocoiiiiiiiiririeesie st 59
APPENDICES

A - Risk-Based Case Studies

Case Study A - Site OT-45, Wurtsmith AFB
Case Study B - Site KC-135, Wurtsmith AFB
Case Study C - Site ST-27, Charleston AFB
Case Study D - Site ST-14, Carswell AFB
B - Site Characterization
C - Documenting Natural Attenuation
D - Developing Risk-Based Cleanup Goals
E - Remediation Time and Cost Estimates/Pilot Testing Procedures
F - Overview of Applicable Regulations
G- Recommended References and Point-of-Contact

022/D:\AF Risk\Data\6.DOC



No.

31
4.1

No.

2.1
2.2
2.3
24
31
4.1
4.2

TABLE OF CONTENTS (Continued)

LIST OF TABLES

Title Page
Technologies for Remediation of Petroleum-Contaminated Sites....................... 3-9
Historical BTEX Concentrations, KC-135 Site, Wurtsmith AFB ............cccc...... 4-5

LIST OF FIGURES

Title Page
BasiC Risk EvAlUation MOGE ... e 2-2
Limited Industrial Exposure Site Model ..........cccoeeevieciecieiecc e 2-7
Multiple Pathways Conceptual Site Model ..........ccceevevieiievice e 2-9
Air Force Risk-Based Remediation Approach............ccceevvveevecceieeveseeseenns 2-15
Flow Chart for Remediation Technology Selection..........ccccccevvveeiieve e 3-8
Minimum Monitoring Well Layout for Petroleum-Contaminated Sites.............. 4-6
Typica Monitoring Well Layout for Large PIUMES.........cccccveeveeevvece e, 4-14

-iii-

022/D:\AF Risk\Data\6.DOC



AAR
AFB
AFCEE
ASTM
bgs

BRA
BRAC
BTEX
CAP
CERCLA

cfm
CFR
COPC
CPT
CSMm
DAF
DERP
DO
DoD
DQO
EE/CA
FS
gpd
AG°
HDPE
HSSM
HSWA
ID
IDW
IRP

L

LEL
LNAPL
LTM
LTMP
LUFT
MAP
MCL
MDL

ug
ng/kg

022/D:\AF Risk\Data\6.DOC

ACRONYMSAND ABBREVIATIONS

American Association of Railroads

Air Force Base

Air Force Center for Environmental Excellence
American Society for Testing and Materials
below ground surface

baseline risk assessment

Base Realignment and Closure

benzene, toluene, ethylbenzene, xylenes
corrective action plan

Comprehensive Environmental Response, Compensation
and Liability Act

cubic feet per minute

Code of Federal Regulations

chemical of potential concern

cone penetrometer testing

conceptual site model

dilution/attenuation factor

Defense Environmental Restoration Program
dissolved oxygen

Department of Defense

data quality objective

engineering evaluation/cost analysis
feasibility study

gallons per day

standard (Gibbs) free energy

high-density polyethylene

Hydrocarbon Screening Spill Model
Hazardous and Solid Waste Amendments of 1984
inside-diameter

investigation derived waste

Installation Restoration Program

liter

lower explosive limit

light nonaqueous-phase liquid

long-term monitoring

long-term monitoring plan

leaking underground fuel tank

management action plan

maximum contaminant level

method detection limit

microgram

microgram per kilogram

-iv-



Ho/L
mg
mg/kg
mg/L
mg/m
mm Hg
MOC
MOGAS
NAPL
NCP
NFRAP
NOAA
NOEL
NPL

OD
OSHA
OSWER
PAH
PEL
POA
POC
POL
ppmv
psi

PVC
QA

QC
RAP
RBCA
RBSL
redox
RFI

RI

RME
RPM
SAP
SARA
scfm
SPCC
SSL
SSTL
SVE
SvOC
TC
TCLP

022/D:\AF Risk\Data\6.DOC

microgram per liter

milligram

milligrams per kilogram

milligrams per liter

milligrams per cubic meter

millimeters of mercury

method of characteristics

motor gasoline

nonaqueous-phase liquid

National Contingency Plan

no further response action plan

National Oceanographic and Atmospheric Administration
no-observed-effect level

National Priorities List

outside-diameter

Occupational Safety and Health Administration
Office of Solid Waste and Emergency Response
polycyclic aromatic hydrocarbon

permissible exposure limit

point-of-action

point-of-compliance

petroleum, oil, and lubricant

parts per million per volume

pounds per square foot

polyvinyl chloride

quality assurance

quality control

remedial action plan

risk-based corrective action

risk-based screening level

reduction/oxidation

RCRA facility investigation

remedial investigation

reasonable maximum exposure

remedial project manager

sampling and analysis plan

Superfund Amendments and Reauthorization Act
standard cubic feet per minute

spill prevention, control, and countermeasures
soil screening level

site-specific target level

soil vapor extraction

semivolatile organic compound

toxicity characteristic

toxicity-characteristic leaching procedure

-V-



T™B
TOC
TPH
TRPH
TVH
TVPH
TWA
UCL
uUs
USGS
UST
VOCs

022/D:\AF Risk\Data\6.DOC

trimethylbenzene

total organic carbon

total petroleum hydrocarbons

total recoverable petroleum hydrocarbons
total volatile hydrocarbons

total volatile petroleum hydrocarbons
time-weighted-average

upper confidence limit

United States

US Geological Survey

underground storage tank

volatile organic compounds

-Vi-



ACKNOWLEDGEMENTS

The author would like to thank the following people for their contributions to the
preparation of is document: Mr. Sam Taffinder, Mr. Patrick Haas and Mr. Marty Faile
of the Air Force Center for Environmental Excellence Technology Transfer Division;
Colonel Ross Miller for his leadership in the field of low-cost remediation; Mr. John
Hicks, Ms Leigh Benson, Dr. Rob Hinchee, Ms Kinzie Gordon, and Ms Nancy
Potenza of Parsons Engineering Science Inc. A special thanks to the AF environmental
managers who assisted in risk-based site remediation demonstrations: Mr. Dan Duff,
Mr. Allan Flolo, Mr. Joe Dunkle, Mr. Paul Rekowski, Mr. Bruce Bolen, Mr. Richard
Sousa, Mr. Al Urrutia, and Mr. Bill McCullum.

-vii-

S\ES\'SHARE\DCD\HANDBK2\TOC.DOC



This report is a work prepared for the United Sates Government by
Parsons Engineering Science, Inc. In no event shall either the United
Sates Government or Parsons Engineering Science, Inc. have any
responsibility or liability for any consequences of any use, misuse,
inability to use, or reliance upon the information contained herein, nor
does either warrant or otherwise represent in any way the accuracy,
adequacy, efficacy, or applicability of the contents hereof. The methods
presented in this document are ones used by the U.S. Air Force, but are

not necessarily the only methods available.

-Viii-

022/D:\AF Risk\Data\6.DOC



EXECUTIVE SUMMARY

The Air Force is responsible for thousands of sites throughout the United States and
abroad that are contaminated with petroleum hydrocarbons such as jet fuel, diesel fuel,
gasoline, and heating oil. Despite significant improvements in fuels management over
the past 20 years, equipment failures and human error will continue to create new spills
which may require remediation. The purpose of this handbook is to provide Air Force
environmental managers and their supporting technical specialists with a comprehensive
strategy for cost-effectively cleaning up soils and groundwater contaminated by
petroleum releases. The original Air Force Handbook for Remediation of Petroleum
Contaminated Stes, which was published in 1993, has been updated to include the most
recent advances in dSite investigation techniques and remedial approaches and
technologies. In addition, since publication of the 1993 handbook, positive regulatory
changes have taken place as the United States Environmental Protection Agency
(USEPA) and a majority of state regulatory agencies have adopted more flexible, risk-
based regulations for petroleum release sites. In addition, many states now recognize
natural attenuation as a viable treatment alternative for petroleum-contaminated
groundwater. These regulatory changes have had significant impacts on the remediation

process, and have been fully incorporated into this new handbook.

This document provides RPMs with answers to many of the common questions they

will face while developing a remediation or closure plan for a petroleum spill site:
1 Isthe existing site characterization adequate to make aremedia decision?

7 Can the site be placed in a closure status because no potential pathways exist for

human or ecological exposure?

7 What role is natural attenuation playing in site remediation and is it sufficient to

eliminate future risk?
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1 Can the risk-based corrective action (RBCA) process be applied to speed up the site

closure process?

1 If significant exposure pathways exist, what remedia technologies are available

(and how will you select the best technology)?

1 How do you work with your regulator(s) and other interested parties to gain their

approval of asite closure plan?

The handbook is “risk-based” because it focuses on reducing unacceptable risks at
contaminated sites. Several approaches are described that include risk management
methods which use land use controls to isolate contaminants from human contact and
long-term monitoring to verify that natural attenuation is reducing future risk. More
traditional risk evaluation methods are also presented which use generic or site specific
exposure assumptions to develop risk-based cleanup objectives. Several case studies are
provided to illustrate how various combinations of land use control, site-specific risk
analysis, natural attenuation, and focused source reduction technologies have been used to
obtain risk-based site closures agreements at Air Force sites across the United States.
Special emphasis is given to topics such as site characterization, exposure pathways
analysis, documentation of natural attenuation and the selection of cost-effective source
reduction technologies. This handbook provides expanded technical guidance on risk-
based remedial approaches by referencing site remediation protocols and technologies
developed by the Air Force Center for Environmental Excellence (AFCEE) and other Air
Force agencies. The handbook is intended to streamline the remediation process and to
act as an umbrella document that directs the reader to specific references and to AFCEE

protocols that provide more detailed information on each step of the process.

Every attempt has been made to establish this handbook on state-of-the-art procedures
and technologies that are generally accepted by USEPA and state regulators. However, to
avoid “false starts” and regulatory delays, you should identify which regulatory agency
needs to be involved in your project, and include their input early in your planning efforts.

Other factors such as the appropriate funding source for remedial activities and the
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requirements for data quality need to be considered in the early planning phase of your

project.

KEY ELEMENTSOF THE AIR FORCE APPROACH

In an effort to reduce the cost and time of cleaning up fuel-contaminated sites, the Air
Force has developed a streamlined remediation approach that is comprised of five key
elements or “tools”, many of which have been described in previous protocols and

reports. These tools include:
1 Maximum Use of Land Use Controls To Eliminate Potential Exposure
7 Promotion of Chemical-Specific Cleanup Standards
1 Improved Site Characterization Methods
7 Scientific Documentation of Natural Attenuation, and
1 Cost-Effective Technologies for Contaminant Source Reduction

The coordinated use of these tools will result in more achievable cleanup goals and the
maximum use of natural attenuation, bioventing and other cost-effective cleanup
techniques. This handbook is intended to complement the Air Force Relative Risk site
prioritization system by providing installation and MAJCOM environmental managers
with a process for obtaining site closures at low-risk sites so that limited resources can be

focused on high risk sites.

Maximum Use of Land Use Control To Eliminate Exposure

The majority of Air Force petroleum contaminated sites are located in industrial areas
with minimal contact between contaminated media and human or ecological receptors.
Based on studies at literally thousands of fuel spill sites (Section 1.1), there is a growing
consensus that natural attenuation processes have already contained most plume
migration and will eventually remediate petroleum impacted groundwater. With

additional controls such as excavation restrictions, most small fuel spill sites can be
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placed in a "managed risk" closure status without additional studies or engineered

remediation.

Chemical-Specific Cleanup Standards

Although most fuels, including JP-4 and JP-8 jet fuel, contain several hundred
hydrocarbon compounds, a relatively small number of these compounds are known
carcinogens or are highly toxic to humans. Once chemicals of concern are identified in
the dite screening process, the traditional risk-based approach focuses site
characterization, fate and transport evaluations, risk exposure cal culations and technology
selection to specifically address these compounds. Aromatic hydrocarbons such as the
benzene, toluene, ethylbenzene, and xylene (BTEX) are typically identified as fuel
hydrocarbon contaminants of concern. Because of their volatility and relatively high
water solubility, BTEX compounds are among the most mobile fuel compounds and can
be rapidly transported through the soil and groundwater. The risk-based approach for
remediation of fuel sites is focused on limiting the movement and reducing the

concentration of these compounds in the environment.

Improved Site Characterization Methods

The third element of the Air Force risk-based remediation approach has been the
development of accurate and inexpensive site characterization tools. Site remediation
cannot proceed without some knowledge of the source of contamination, the
concentration of contaminants in the soil, soil gas, and groundwater, and the three-
dimensional extent of contaminant migration. In addition to these standard site
characterization objectives, soil and groundwater sampling and analytica methods are
now available to determine the contribution of natural biogradation processes and the rate
at which these processes are destroying contaminants and reducing risk at the site. Low-
cost site investigation tools such as cone penetrometers, soil gas and groundwater
screening probes, and field analytical methods have been developed to help pinpoint the
source and extent of contamination and to prepare for site remediation. This

“observational approach ” to site investigation is described in Appendix B.
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Scientific Documentation of Natural Attenuation

Perhaps the most significant remediation breakthrough in the past 5 years has been the
growing evidence that natural biodegradation is a mgor factor in the reduction of
contaminants and risk at fuel-contaminated sites. The Air Force is anational leader in the
development of innovative field sampling methods, groundwater model development
(such as BIOSCREEN and BIOPLUME 111), and in documenting case studies that support
natural attenuation as a viable method of site remediation. The Air Force has partnered
with USEPA in the development of both bioventing and natural attenuation protocols
which have become a standard reference in the environmental engineering community.
Appendix C describes how the contribution of natural attenuation can be determined at

each site and how natural processes can be factored into the risk evaluation process.

Low-Cost Technologiesfor Source Reduction

At sites with significant free product or high concentrations of contaminants in the soil
or groundwater, natural attenuation processes often are too slow to reduce risk within a
reasonable time frame. At these sites, a more active source reduction technology will be
required to reduce the mass of contaminants and to enhance and accelerate their natural
destruction. Severa cost-effective technologies have been developed and widely tested
by the Air Force to meet the need for source reduction. The Air Force bioventing
initiative demonstrated that bioventing technology was effective at reducing BTEX
concentrations in the soil by over 90 percent when applied for 1 year at over 125 test
sites. Similarly, bioslurping technology is capable of improving the rate of free product
recovery at many sites where other technologies have failed. A variety of vapor treatment
technologies have been successfully demonstrated by the Air Force at sites where soil
vapor extraction is required. Section 3 and Appendix E describe severa proven
technologies for fuel remediation and how to select the most appropriate technology for

your site.
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BENEFITSOF THE RISK-BASED APPROACH TO REMEDIATION

There are several benefits associated with the use of a risk-based remediation
approach, and these benefits are illustrated throughout this handbook. In overview, these

benefitsinclude:

7 A focus on only those contaminants that pose a potential risk to human or
ecological receptors. The premise of risk-based remediation is that the decision to
remediate any petroleum release site should be based on the actual or potential risk
posed by site-specific contaminants to human and ecological receptors. Thisis an
intentional move away from the use of cleanup standards for total petroleum

hydrocarbons (TPH), which is not the true “risk driver” at petroleum release sites.

7 More flexible and realistic cleanup standards based on actual land use (which on
most bases is commercial or industrial) rather than conservative “residential”
scenarios. Flexibility is available to choose between a more rapid and costly
remediation, which will allow more immediate, unrestricted land use, and a less
expensive natural attenuation option, which requires some long-term restrictions on

land and groundwater use.

7 A streamlined process. The Air Force risk-based remediation process is designed
to integrate the site investigation, risk analysis, and feasibility study into a single
effort, rather than conducting each of these in separate phases. Several risk-based
site demonstrations, including two large petroleum, oil, and lubricant (POL) tank
farm facilities, have progressed from site investigation to an approved site closure

agreements in a period of less than 3 years.

7 Significant cost and time savings have been demonstrated at Air Force sites which
have entered into risk-based site closure agreements. Cost savings of 40 to 60
percent have been realized when compared to the more traditional Installation
Restoration Program process of site investigation, risk assessment, feasibility study,
remedial design and remedial action. Typical timeframes for completing the

standard IRP process have ranged from 5 to 7 years at a cost of $500,000-$700,000
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for atypical Air Force gasoline station or JP-4 pumphouse to obtain a site closure
agreement. Using the risk-based approach, costs of $200,000 to $300,000 have
been consistently demonstrated in project timeframes of less than 3 years. An
important objective of this handbook is to provided each Air Force environmental
manager with the tools to achieve this level of time and cost savings at existing and

future fuel spill sites.
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SECTION 1
INTRODUCTION

1.1 RECENT TRENDSIN FUEL SPILL REMEDIATION

Since 1993, significant regulatory and scientific advancements have been made in the
characterization, assessment, remediation, and regulation of petroleum contaminated sites.
The growing acceptance of site specific cleanup goals and scientific evidence supporting
the natural attenuation alternative have led to less intrusive and more cost-effective
methods of remediating and closing these sites. The purpose of this section is to provide
an overview of some of the significant studies and events which are reshaping the way that
we view petroleum spills, and to provide the reader with an overview of how this

handbook can be used to take maximum advantage of this shift in remediation philosophy.

1.1.1 AFCEE Initiatives

In 1992, AFCEE began two mgjor technology demonstration programs to encourage the

widespread application of bioventing and natural attenuation on over 50 Air Force
installations in the United States. The successful demonstration of bioventing at over 125
sites and natural attenuation at over 50 sites located across the nation (including Alaska)
propelled international interest in the use of these simple, cost-effective methods of
reducing the risk associated with BTEX compounds. In 1994, AFCEE initiated a risk-

based site closure initiative which combined the merits of natural attenuation, bioventing
and site-specific risk-based cleanup criteria to streamline the site closure process. This
handbook summarizes the “lessons learned” from this project and similar projects being
completed by other organizations. Case studies are presented in Appendix A
demonstrating how risk-based closure agreements have been negotiated at several Air

Force sites.

1-1
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1.1.2 National Resear ch Council -Alternatives for Groundwater Cleanup

In 1993, a committee of international experts in groundwater remediation assembled
for the purpose of reviewing the progress of groundwater pumping and treatment at
dozens of active remediation sites. They concluded that restoration of groundwater to
drinking water levels was impractical and technically infeasible at many sites. In addition
they recommended that state and federal regulations alow greater flexibility in addressing
site-specific risks, rather than setting unrealistic cleanup goals that have little to do with
actual risk reduction.

1.1.3 ASTM Risk-Based Corrective Action (RBCA) Standard

The risk-based initiative picked up additional momentum when the American Society
for Testing and Materias (ASTM) (1995) published RBCA guidance for petroleum-
contaminated sites. This guidance was devel oped to provide a more consistent and rational
decision-making process for the remediation of petroleum-contaminated sites, and
specifically the thousands of contaminated gasoline stations across the United States. A
three-tiered approach was designed to provide the site owner and regulatory agencies with
a more consistent method of classifying sites as to the urgency and scope of cleanup
required at each site. With the sponsorship of the petroleum industry, RBCA training was
offered to every state underground storage tank (UST) group in the nation. This training
has resulted in many new state regulations which incorporate all or part of the ASTM
standard.

1.1.4 Lawrence Livermore National Laboratory (LLNL) Study

In June of 1994, the State of California Water Resources Control Board (SWRCB)
retained LLNL and the University of California (UC) to study the cleanup of leaking
underground fuel tanks (LUFTS) in the state. The study consisted of data collection and
analysis of over 1,200 LUFT case studies located throughout the state (Rice et al, 1996).
The study focused on the occurrence of dissolved benzene plumes and how these plumes
have migrated and decreased in concentration over time. The study concluded that 90
percent of the benzene plumes were less than 260 feet long and were either stable or

shrinking in size. The study also concluded that 75 percent of the plumes were confined
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to shallow aquifers and that a very small percentage of these 1,200 sites actually posed a
risk to drinking water supplies or human or ecological receptors. As a follow on to this
study, 10 Department of Defense (DOD) sites in California were identified for more
detailed study of natural attenuation and risk-based closure potential.

1.1.5 Texas Plume Study

In 1997, the University of Texas published a detailed statistical analysis of 605 sites
with petroleum contaminated groundwater. The results fully supported the findings of the
California LLNL study. Benzene plumes of less than 250 feet were observed at 75
percent of the sites and only 3 percent of the plumes were determined to be increasing in
length. Although 60 percent of the sites had public or domestic wells within a 0.5 mile
radius, less than 5 percent were posing an immediate threat to public health. Natural
attenuation and low aquifer permeability are effectively remediating the maority of

petroleum generated groundwater plumes in this state.

1.1.6 Regulatory Progress

Beginning in the early 1990s, many states began to realize that few petroleum release
sites posed an immediate risk to human or ecological receptors, and that significant private
and taxpayer monies were being spent for little risk-reduction benefit. Many state UST
reimbursement funds were depleted with little to show in the way of health-protective
remediation. Although most UST programs allowed risk analysis to justify alternative
cleanup goals, very few regulators and UST remedial managers were comfortable using
the available risk assessment “tools,” which were usually reserved for costly
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)
investigations. In most instances, the conservative, risk-based cleanup goals were
designed to protect future onsite residents, even if the current land use was industrial.
Today, over 40 states have adopted some form of risk-based remediation criteria for
petroleum sites. Texas and a host of other states also devel oped chemical specific and less
stringent standards for industrial/commercial land uses. Many states are simplifying site
closure standards and requiring that the site owner manage risks through preventing
contact with contaminated soil by using excavation restrictions and demonstrating plume
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stability through groundwater monitoring data. The AFCEE “Toolbox” has been updated
to include a 1997 summary of state UST regulations.

For CERCLA and Resource Conservation and Recovery Act (RCRA) sites, the EPA
has prepared a draft policy statement supporting “ monitored natural attenuation” as a
viable alternative for groundwater contaminants which pose no current or potential risk to
human health or the environment. The EPA policy cautions that natural attenuation may
not be appropriate where long-term monitoring costs exceed the cost of more active

remediation.

In light of these scientific advances and state and federal recognition of natural
attenuation and risk-based remediation, AFCEE has requested that al Air Force
environmental managers assess the potential of the natural attenuation aternative for al
sites (including non-petroleum sites) entering the feasibility study or remedial design
phase. Sites with active groundwater pumping systems should be reassessed to determine
if natural attenuation is a more effective long-term remediation strategy.

1.2 ORGANIZATION OF THE HANDBOOK

This handbook has been organized to provide the reader with a comprehensive strategy
for completing all phases of a risk-based site remediation. The handbook has been
arranged in a chronological order that matches the normal order of decision making
recommended for most remediation projects. Although technical guidance is provided,
this document has limited technical details and generaly references supporting AFCEE
technical protocols for detailed information. The handbook has been organized into five

sections with six supporting appendices.

Section 1 - Introduction: Outlines the recent events leading up to the development of
this handbook, the organization of this document and the benefits of implementing the Air

Force's risk-based strategy for petroleum hydrocarbon site remediation.

Section 2 - Risk Management Strategies for Site Closure: Describes the essential

site characterization data which must be available to make site closure decisions and

1-4
S\ES\WP\PROJECTS\722456\HANDBK2\1.DOC



outlines two primary approaches to risk-based site remediation and closure. Summarizes
how natural chemical attenuation processes should be factored into remedial decisions for

petroleum rel ease sites.

Section 3 - Evaluating Source Reduction: Describes situations where source
reduction technologies may not be required or beneficial. Provides information on
available engineered remediation technologies, how to select the most appropriate
technologies, and how they can be coupled with natural chemical attenuation to attain
risk-based remediation goals.

Section 4 - Plume Management and Remediation: Provides an overview of both
“monitored natural attenuation” and engineered remediation options for petroleum
impacted groundwater. Information on institutional groundwater use restrictions and

long-term monitoring strategies are also presented.

Section 5 - Documenting Risk-Based Closure Agreements. Provides practical
suggestions for preparing and presenting effective risk-based documentation for regulatory

review and approval.

Appendix A - Case Studies: Presents a series of case studies where the Air Force
risk-based remediation approach has been successfully used to negotiate cost-effective
closure agreements. Beginning with a simple “no further action” site closure for a heating
oil spill, and progressing to a more complex remediation plan for a large JP-4 tank farm,
the case studies illustrate how combinations of institutional controls, natural attenuation,
site-specific cleanup standards and cost-effective source reduction technol ogies have been
used to achieve the desired level of risk reduction and to gain approval for site closure.
The case studies listed below have been organized and ordered to illustrate how

increasingly complex sites can be addressed under the risk-based approach.

Case Study A - "No Further Action” closure of a heating oil UST site - Site OT-45,
Wurtsmith AFB, M.
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Case Study B - Corrective action for a large JP-4 spill based on natural chemical
attenuation, land use controls, and long-term monitoring - KC-135 Crash Site,
Wurtsmith AFB, MI.

Case Study C - Corrective action for a JP-4/gasoline release beneath a concrete
aircraft apron that includes interim removal action, long-term bioventing, natural
chemical attenuation, land use controls, and long-term monitoring - Site ST-27,
Charleston AFB, SC.

Case Study D - Corrective action for a JP-4 tank farm that includes a detailed risk
evaluation, bioventing for source reduction, natural chemical attenuation, land use

controls, and long-term monitoring - POL Area, Carswell AFB, TX.

Appendices B-G - Technical Resources. Provides additional information on site
characterization, estimating natural attenuation, risk-based cleanup goals, source reduction
technologies and an overview of regulatory options. Appendices include a listing of
useful reference material including AFCEE technical protocols, as well as instructions on

how to obtain these supporting documents.
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SECTION 2
SITE CLOSURE STRATEGIES

The fundamental objective of risk-based remediation is to reduce the risk of specific
chemicals to human health and to ecological receptors such as animals and plant life. This
section reviews the information you will need to determine if a potential risk exists at a
site, and to implement the risk-reduction strategy that can be used to move a site toward
fina closure. The strategy that is selected will depend upon such factors as the magnitude
of contamination, current and future land use, evidence of natural attenuation, potential
for human or ecological exposure, and the applicable regulatory framework. The purpose
of this section is to provide Air Force environmental managers with an overview of the
initial screening data which must be collected to evaluate and select the most cost-
effective remediation/closure strategy. A decision diagram is provided later in this section

to assist the reader in the site-specific evaluation process.

Based on conservative toxicological studies, safe exposures to many chemical
compounds such as BTEX have been determined. Chemical exposure is generally based
on the average intake of a certain mass of chemical per day. USEPA has established
different human exposure scenarios for different land uses. For example, the residential
scenario generally assumes a 24-hour-per-day exposure, while the industrial scenario
assumes an 8-hour-per-day exposure for each worker. From these conservative exposure
scenarios, generic screening levels have been established to provide safe exposure
concentrations for a variety of different chemicals. For any chemical risk to exist three

elements must exist at the site (Figure 2.1):

A chemical source that exceeds the safe exposure concentration,;
A completed pathway for the chemical to enter the receptor; and
A human or ecological receptor available for chemical contact.
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Figure 2.1
BASIC RISK EVALUATION MODEL

Source I

2.1 REQUIREMENTSFOR SITE SCREENING

g:\coreldraw\draw\afrisk1.cdr nap 3 7896

2.1.1 Review of Available Site Data

At most sites, site data from past investigations is available and very useful in
completing an initial risk-based screening. Historical data are particularly valuable in
establishing evidence of natural attenuation processes which may be limiting contaminant
migration and reducing long-term risks. Site contaminant data should be organized by
environmental medium (e.g. soil, soil gas, groundwater, etc.) and arranged in a tabular
format. A site map should be available showing sampling locations, historical BTEX
plumes, and key land use and natural features. Appendix B provides additional guidance
on collecting and organizing site characterization information. Existing data should be

sufficient to answer the following key questions:

Where is the primary source of the contamination and has it been removed or the
leak stopped? (See note)

Is the date of release known or was it along-term leak?

What media have been impacted (soil, groundwater, soil gas, surface water)?
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Are there any immediate risks to human health or the environment (see Appendix
D)?

Are there any potential risks due to soil vapors, excavation, groundwater migration

to drinking water wells or surface water (see Appendix D)?

Does free product remain at the site (based on existing monitoring wells)?
Has the geology and soil stratigraphy been defined?

Have the groundwater flow direction and gradient been defined?

Has the full extent of soil and groundwater contamination been defined?

Does the groundwater plume appear to be migrating or stable based on historical
data (see Appendix C)?

Have basic geochemical parameters (dissolved oxygen, ferrous iron, sulfate and
methane) been collected and plume migration estimated usingBIOSCREEN (see
Appendix C)?

If any of these questions can not be answered, additional site characterization will likely
be required before a risk-based site closure can be pursued. Site characterization methods,
including the use of low-cost sampling devices, are described in greater detail in Appendix
B. Make alist of any unanswered questions and continue reading Section 2 to complete
your list of “datagaps’.
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Note on Sour ce | dentification. Because many fuel-contaminated sites are located i

active fuel handling areas, the possibility of continuing leaks must be thoroughl

<

investigated. Regular tank and pipeline testing will be required to insure that a significant
ongoing leak is not contributing to soil and groundwater contamination. Your MAJCOM
Liquid Fuels manager should be consulted to determine the most appropriate leak testing
method for your system. The recent move towards replacement of underground piping
with aboveground piping should greatly reduced undetected leaks, however, small leaks

\°&4

are inevitable in any large fuel handling facility. Often these small leaks are natural

<

attenuated before contaminants migrate from the site.

2.1.2 Determining Current and FutureLand Use

An equally important aspect of the initial site evaluation is an understanding of current
and future land use at the site. A site walk should be scheduled with the facility manager
to determine the type of buildings constructed near the site and the frequency and type of
human activity. Because risk-based remediation methods rely on a clear understanding of
how humans could be exposed to chemicals (exposure pathways), it is essential to have a

compl ete knowledge of the current land use and potential land use changes.

Most Air Force fuel systems are located in the industrial or commercial areas of the
base. On-site workers typicaly work 8 to 12 hour shifts inside buildings or outside,
working on aircraft or support equipment. Excavation in contaminated soils is generally
restricted to short-term utility repairs. Most buildings are constructed on abovegrade
concrete slabs. With the exception of missile facilities, few Air Force industria buildings
have basements which could be directly impacted by contaminated soil and soil gas. Asa
rule, current land use near fuel spills is generaly industrial or commercial in nature with
little chance of direct exposure to contaminated soil, soil gas, or groundwater. This
isolation of workers from site contamination (no exposure pathways) is an important
element of the Air Force risk-based remediation strategy.

On active Air Force installations, future land use is specified in the Base Master Plan.

This document is maintained by the Base Civil Engineer, and specifies areas of the base for
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various land uses such as flightline/industrial, warehousing/storage, administration,
community services, and residential housing and dormitories. Land use within the
flightline/industrial area rarely changes because of the incompatibility of other land uses
with flightline noise and aircraft support activities. Most fuel-contaminated sites should
remain in the flightline/industrial land use category. Check the Base Master Plan to ensure

that no significant change in land use or new construction is planned at the site.

The greatest potential for exposure to fuel contaminated soil and groundwater will
occur during new building construction or utility repairs or replacement. It is important
that the supervisors of utility shops and base construction planners be informed of the
known areas of fuel contamination so that any excavation in these areas can be completed
with careful air monitoring and any contact with fuel vapors and fuel residuals can be

avoided or minimized.

On installations that are scheduled for closure or realignment, the question of future
land use becomes more critical. While most base flightline and industrial areas on closure
bases will remain in this land use, formal deed or lease restrictions must be in place to
ensure that the new landowner (private or public) understands the extent of remaining fuel
contamination and the need to restrict certain future activities or land uses. In general, Air
Force Base Realignment and Closure (BRAC) officials should seek risk-based closures of
fuel contaminated sites which make maximum use of deed restrictions to minimize the
potential for future human exposure to contaminants. The BRAC Environmental Program
Fact Sheet (DoD Policy on Institutional Controls) provides an overview of institutional
controls and how they can be applied during BRAC land transfers. This guidance is
available on the DoD BRAC Environmental Homepage at

http://www.dtic.mil/envirodod/envbrac.mil.

2.1.3 Developing a Conceptual Site Model (CSM)

The next step of the site screening process is to develop a conceptual site model which
combines available information on site contamination with information on potential human

receptors based on current and future land use. Potential ecological receptors such as
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wildlife living in or near drainage ditches should also be included in the conceptual site
model. Although the complexity of risk-based analysis will vary from one site to another
and one regulatory environment to another, there are three common elements of all risk-

based evaluations: a source, pathways and receptors.

If any one of these elements is absent at a site, there is no current risk. The reduction
or removal of risk can be accomplished by limiting or removing any one of these three
elements from the site. The goal of risk-based remediation is to find the most cost-
effective method of reducing present and future risk by combining three risk reduction

techniques:

1 Chemical Source Reduction - Achieved by natural attenuation processes
over time or by engineered removals such as limited excavation, soil vapor

extraction, or bioventing.

2. Chemical Pathway Elimination - Examples include the natural
attenuation of a groundwater plume and restrictions on excavation or groundwater

use to prevent onsite or offsite receptors from contacting chemicals of concern.

3. Restrict Receptors - Land use controls and site fencing can eliminate
chemical exposure until natural attenuation or engineered remediation reduces the

chemical source.

A CSM consists of three primary components that were addressed at the beginning of
this Section. A source of contamination, a contaminant migration pathway or pathways
from the source to receptors, and potential receptors. Figure 2.2 illustrates a CSM for a
typical JP-4 UST leak in an industrial area. The primary contaminant source is the UST,;

the secondary source is the soil contaminated with JP-4 residuals
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FIGURE

2.2

LIMITED INDUSTRIAL EXPOSURE SITE MODEL
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(with no remaining free product). Potential exposure pathways include soil contact, soil-
vapor inhalation, or dermal contact with impacted shallow groundwater. The only
potential receptor in this industrial scenario are intrusive construction or utility workers

who will have a limited exposure time frame resulting in limited risk.

Figure 2.3 illustrates a CSM for leaking UST located in a more accessible commercial
area such as a BX Service Station. Potential exposure pathways include soil contact or
ingestion, soil vapor migration to the atmosphere, incidental contact with shallow
groundwater, and direct contact or incidental ingestion of impacted surface waters.
Potential receptors include both on site workers and ecological receptors in the nearby
surface water. This CSM indicates a greater risk may be present at this site due to greater
potential for receptors to be exposed through multiple pathways.

A site visit is required to properly complete the CSM. To be conservative, the
preliminary CSM should account for all possible pathways and receptors given the current
and likely future land uses. Often at military facilities scheduled for closure, the future
land use may differ from the current land use. In such situations the most conservative
expected land use should be used to complete the site model. Industrial or commercial

land use should be assumed unless residential land use isincluded in a future land use plan.

In the risk-based remediation process, site characterization is used to first determineif a
completed pathway exists. Existing site data should be reviewed to identify which
potential pathways cannot be evaluated due to a lack of quantitative chemical data for that
environmental medium. For example, one pathway that is frequently overlooked is the
exposure of site workers to soil vapors during excavation activities. One common data
gap is the lack of soil gas data to quantify the concentration of specific VOCs (generally
BTEX). A complete CSM will help ensure that all the data required for risk evaluation
are gathered in one field mobilization. Appendix B provides additional guidance on how
to use the CSM to guide additional site characterization.
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FIGURE 2.3
MULTIPLE PATHWAY CONCEPTUAL SITE MODEL
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2.1.4 Estimating Natural Attenuation in Soil and Groundwater
2.1.4.1 Natural Attenuation in Soil

To accurately assess the potential for soil contaminants to attenuate, many fate and
transport processes must be accounted for. For example, it isimportant to understand the
relationship between fuel residuals in the soil (sorbed, trapped and free product) and soil
gas and groundwater contamination. A number of predictive models are available to
estimate contaminant fate and transport and are described in Appendix C. Appendix B
provides additional guidance on determining the role of biodegradation to naturally reduce
the level of petroleum residuals in the soil. If possible, soil gas samples should be
collected from near the center of the spill area and at severa points around the perimeter
of the spill. If site soil gas data indicate an abundance of oxygen (> 5 percent) in
contaminated soils, it generally can be assumed that atmospheric oxygen is available to soil
bacteria and these bacteria are biodegrading residual hydrocarbons. Site specific
bi odegradation rates can be estimated by conducting in situ respiration tests in accordance
with the Air Force Bioventing Principals and Practice Manual. Natural biodegradation
rates generally range from 1 to 10 mg TPH/kg soil/day with 4 mg/kg soil/day as an
average value based on over 135 test sites nationwide(AFCEE, 1996).

For natural biodegradation to proceed in soil, the soil must be naturally aerated through
simple atmospheric oxygen diffusion and barometric pressure changes. Oxygen will first be
consumed at the outer circumference of the fuel spill. As the fuel is degraded over time,
the replenished oxygen supply will be available to support biodegradation closer and
closer to the center of the spill. Almost any fuel contamination with a constant supply of
oxygen will eventually biodegrade to carbon dioxide and water. Complete attenuation is
more likely to occur in shallow and sandy soils, but less likely in asphalt or concrete
covered areas, and in fine-grained or layered soils which will impede the supply of oxygen
to subsurface microorganisms. Evidence of natural attenuation in soil, or the need for

supplied oxygen (bioventing), should be established during the site screening process.
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2.1.4.2 Natural Attenuation in Groundwater

The Air Force approach for documenting natural attenuation of dissolved contaminants
is described inthe Technical Protocol for Implementing Intrinsic Remediation with Long-
Term Monitoring for Natural Attenuation of Fuel Contamination Dissolved in
Groundwater. This document describes three lines of evidence that can be used to

support remediation by natural attenuation:
Documented loss of contaminants at the field scale,
Contaminant and geochemical analytical data, and
Direct microbiological plate counts or “ microcosm” studies.

The first line of evidence involves using historical trends in contaminant concentrations
to show that a plume is stable or receding and that a reduction in the total mass of
contaminants is occurring at the site. This is by far the most persuasive argument for
natural attenuation and one of the easiest to prove if quality historical datais available. If
historical data for severa wells indicate that concentrations are decreasing without any
significant forward migration of the plume, the rate of natural biodegradation at the site
must exceed or equal the rate at which BTEX and other dissolved contaminants are
partitioning out of the source. In many states, natural attenuation alone is an accepted site
remedy if historical data indicates plume stability and land use controls will prevent
pathway completion. If historical data is incomplete, Appendix C provides additional
information on the use of simple fate and transport models such asBIOSCREEN to
predict the time required for plume stability.

The second line of evidence involves the use of geochemical data to show that
decreases in contaminant concentrations are the result of biological destruction. When
biodegradation is occurring , electron acceptor concentrations (oxygen, nitrate, sulfate,
carbon dioxide, etc.) are depleted in the BTEX plume. Similarly, metabolic by-products
(ferrous iron, methane, etc.) increase in areas of highest BTEX concentration and highest
biological activity. This evidence can be used to show that electron acceptor
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concentrations in groundwater are sufficient to support continued biodegradation of
dissolved contaminants. The strong positive correlation between electron acceptor,
electron donor, and by-product data proves that the historical disappearance of
contaminants is due to biodegradation and not adsorption or dilution. Although a
complete geochemical analysis will not be required for initial site screening, this data is
inexpensive to collect and can be useful in convincing skeptics that contaminant loss is

permanent. Methods of geochemical analysis are described more fully in Appendix C.

Although seldom required, laboratory “ microcosm studies’ or “bacteria plate counts”
provide a third line of evidence that indigenous microbes are available and capable of
degrading site contaminants. These studies are generally reserved for unigue sites where
the first two lines of evidence can not be demonstrated and for sites with non-petroleum or

more toxic compounds that may be difficult to degrade.

2.1.5 Determining The Applicable Regulatory Framewor k

Before developing a remediation plan for any petroleum release site, it is important to
first identify which environmental laws and regulations will apply to your particular site.
Most petroleum contamination has originated from underground storage tanks or pipelines
which should be regulated under state UST programs. Because most state UST
regulations have been recently updated to incorporated risk management and RBCA
strategies, this handbook provides specific guidance that will help you close sites under
these regulations. Unfortunately, many petroleum contaminated sites were designated as
RCRA sites in the early 1980's. Other sites were designated as CERCLA sites because
other sites on the base were designated as national priority list (NPL) sites. Many sites are
administered under the Air Force IRP which is a CERCLA-type process establishing the
Air Force as the lead agency. If you are uncertain of the state or federal regulations which
apply at your site, Appendix F has been developed to assist you in determining the proper
classification. The AFCEE Toolbox also contains a summary of the latest state UST
regulations. If you discover that a site has been incorrectly placed under RCRA or
CERCLA authority, it may be worth your effort to get the site reassigned under the
appropriate state UST program. State UST programs generally alow for reduced
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documentation and significantly streamline the site closure process. Although the
paperwork required to close RCRA and CERCLA sites is more cumbersome, the risk-
based approach described in this handbook can be adapted to these regulations.

2.1.6 Selecting a Site Closure Approach

Two primary site closure approaches are discussed in this section: a risk management
strategy based on land use controls and plume stability, and a strategy which relies on
cleaning up a site to numerical risk-based goals. Although other approaches are available,

they are generally variations of these two primary approaches.

The first risk management strategy uses a combination of demonstrated natural
attenuation and land use control to ensure that no current or future exposure pathway is
complete. These sites are placed in a long-term monitoring status or can be closed
without long-term monitoring requirements if land use controls remain in place. This
closure strategy is recommended for sites with well-defined limits of contamination and
stable or receding plumes. This strategy is particularly useful on active installations where
long-term land and groundwater use can be controlled. Section 2.2 provides additional

details on this approach.

The second closure approach relies on more traditional risk assessment techniques to
determine appropriate cleanup goals that are based on conservative exposure scenarios for
the site (generally an industrial scenario). This approach focuses on specific contaminants
of concern, such as benzene, and then uses a combination of monitored natural attenuation
and source reduction to decrease contaminant concentrations to acceptable exposure
concentrations which become the risk-based cleanup goal. Once the goal is achieved,
industrial workers could theoretically be exposed to contaminated soil or groundwater
without a significant health risk. This approach is embodied in the ASTM RBCA
Standard E1739-95 that has been adapted by many state agencies. This site closure
method is appropriate for larger sites where future exposures cannot be prevented with

simple land use contrals, and for sites on closure bases where the regulating agency and
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the new landowner require remediation to more conservative risk-based standards.

Section 2.3 provides additional details on this approach.

Figure 2.4 illustrates several key decision points for achieving risk-based site closures
using these two approaches. Using available site data, determine which closure approach
will likely be successful at your petroleum-contaminated site. Sections 2.2 and 2.3

provide a description of the key components of each approach.

2.2 MANAGING RISK THROUGH PATHWAY ELIMINATION

The underlying principle of this approach is that risk can be minimized through the use
of land use controls if the contamination is stable and the long-term monitoring
requirement is not excessive. Eliminating the pathway between the contamination and the
receptor is one approach for eliminating risk. A combination of land/groundwater use
control, source reduction, and natural attenuation can provide both a short-term and long-

term pathway elimination with minimal impact on Air Force mission activities.

2.2.1 Completing a Pathway Analysis

A pathway analysis can begin once the full extent of soil and groundwater
contamination has been defined and a CSM has been developed (review Section 2.1.3).
Beginning with the soil, soil gas, and groundwater contamination, trace the potential
pathways that could exist to site workers, nearby residents, and ecological receptors. For
each potential pathway, use available site data to determine if exposure to the contaminant
is occurring and under what circumstances future exposure could reasonably occur.
Particular attention should be given to the soil gas pathway and any potential groundwater
discharge to surface waters. Confined spaces such as utility vaults and buildings can
accumulate fuel vapors. The air in these confined spaces should be analyzed for volatile
organics, particularly benzene, to insure that this pathway is fully defined. The most
common pathways to ecological receptors is through groundwater discharging to a nearby
drainage ditch. Surface waters located
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downgradient of the site should be sampled to determine if the pathway is complete. Two
or three surface water samples are generally required: a sample that is upstream of the
potential discharge point, a sample in the middle of the discharge pathway, and a sample

downstream of the discharge area.

2.2.2 Establishing Institutional Controls

Active Installations - Pathway elimination is very feasible on active installations
because the base commander and base civil engineer have the authority to control future
land use and the sitting of future construction projects. The base civil engineer aso
maintains control of excavation activities through the “dig permit” and utility locator
programs. This centralized control of land use and excavation activities can and should be
used to eliminate potential exposure pathways at petroleum contaminated sites. For
example, a restriction on excavation would prevent human contact with contaminated soil
without proper safety precautions. A restriction on well drilling and deep excavation
could prevent human contact with contaminated groundwater. In order for land use
controls to be enforced, base planning personnel must have a current map delineating all
soil and groundwater contamination on the base. All future construction and utility work
should be formally checked against this map to see if the work would expose workers to
contaminated soil or groundwater. Utility supervisors should also have a current map and
be required to "check off" areas where emergency or scheduled repairs are required. |If
excavation must take place in contaminated soil, only properly protected workers should
take part in excavation activities. If these written procedures are in place and followed at
active installations, state and federal regulatory officials will be much more likely to

approve a risk management approach to site closure.

Base Realignment and Closure (BRAC) Installations - The use of land/groundwater
use controls on closure bases is complicated by the fact that the contaminated property is
often being transferred to a private or public developer. Under these circumstances, long-
term land use control can only be insured by recorded deed restrictions. Even with deed
restrictions in place, local government must have the authority to enforce these deed

restrictions. Because of the greater uncertainty of long-term deed restrictions, state and
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federal regulatory officials will be less inclined to approve site closures which are solely
dependent upon land use controls to prevent exposure to contaminants. However, based
on AFCEE/ERT’s risk-based site closure experience at eight BRAC sites, there is a
growing acceptance of deed restrictions as a component of risk based site closures. The
EPA “Brownfields’ initiative has encouraged greater regulatory acceptance of land use
controls at former industrial sites making them more attractive for redevelopment. The
DoD BRAC Environmental Homepage (http://www.dtic.mil/envirodod/envbrac.mil) has

additional information on the use of institutional controls on BRAC bases.

2.2.3 Evaluating Sour ce Reduction

Many regulatory agencies will require some level of source remediation before agreeing
to site closure. For example, an attempt at product recovery is often “ mandatory” before
site closure can be granted. Even under optimum site conditions, a 33 percent recovery of
the free product is difficult to achieve (Freeze and McWhorter, 1997). It is AFCEE's
position that most product recovery efforts will yield little reduction in groundwater
contamination and that natural dissolution, smearing and product dispersion are more
effective in reducing dissolved BTEX levels. A sample of free product should be collected
and analyzed for BTEX mass fraction. At sites with highly weathered fuel, the BTEX
remaining in the product may have little potential to impact long-term groundwater
contamination. In the event that regulatory requirements for product removal prevail,
several cost-effective alternatives for satisfying product recovery requirements are
discussed in Section 3.

Other cost-effective methods of source reduction such as limited excavation,
bioventing, and soil vapor extraction will be more effective at reducing BTEX residualsin
soils and the capillary fringe. Potential benefits of source reduction include a rapid
reduction in soil and soil gas risk, and a reduction in the leaching of BTEX compounds to
groundwater shortening long-term monitoring requirements. Based on results from the
AFCEE bioventing initiative, a 95 percent BTEX reduction can be expected at most sites
after one year of bioventing. Limited excavation, bioventing or SVE can also be used to
satisfy regulatory source reduction stipulations. (Note: If regulatory agencies require
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that soil be remediated to very conservative (residential) cleanup standards, it may
be beneficial to pursue the risk-based cleanup goal approach described in Section
2.3)

2.2.4 Using Natural Attenuation for Plume Containment

A second and equally important element of the risk management approach to site
closure is providing evidence to the regulatory authorities that any groundwater plume
emanating from this petroleum spill is stable or receding with no danger of migrating off-
base or under another land use area (For example, a plume migrating from a BX service
station toward a residential area). Several states such as Texas now require a series of 4
to 8 groundwater monitoring events to demonstrate plume stability. Site closure can now
be granted in Texas if the plume is stable and land use controls are preventing completion
of soil, soil gas, and groundwater pathways. Often plume stability can be proven by using
historical sampling data and plume maps to demonstrate that concentrations are
decreasing overtime and that the plume is not migrating. Appendix C provides additional

details on how to scientifically document natural attenuation and predict plume migration.

The following subsections outline the minimum monitoring requirements for obtaining
a risk management site closure. (Note: If regulatory agencies require that
groundwater be eventually remediated to residential drinking water standards, it
may be beneficial to pursue a site closure using the risk-based cleanup goal
approach described in Section 2.3)

Long-Term Monitoring - Most regulatory agencies will require some level of
groundwater monitoring to confirm that groundwater contaminants are decreasing in
concentration and are not migrating from the site. The number of monitoring wells
required will vary with site size and complexity. Figure 4.1 illustrates a ssmple long-term
monitoring network. At least one upgradient well, one source area well and one well at
the leading edge of the plume are required at a small site where the groundwater direction
is known. More wells will be needed if the plume direction is not well defined or exhibits

seasonal shifts.  Some states will require one or more “point-of-action” wells
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downgradient of the existing plume. Unexpected migration of contaminants to these wells
can trigger the need for additional remediation. If this is the case, point-of-action wells
should be located downgradient of the plume’s leading edge. Section 4 includes additional

details on setting up a long-term monitoring plan and locating monitoring wells.

Monitoring Frequency and Duration - If long term monitoring is required, both the
frequency of sampling and the number of years of sampling should be negotiated in the
risk management closure agreement. Annual monitoring is recommended for stable
plumes and plumes with limited migration potential (low permeability/flat gradients).
Monitoring should be conducted during the same month each year to minimize seasonal
effects. Quarterly monitoring should be avoided unless significant seasonal changes are
know to occur in the groundwater velocity or direction. Three years of annual monitoring
should generally be sufficient to illustrate decreasing plume concentrations and plume
stability. If regulatory agencies require more than three years of monitoring, or if
historical plume concentrations are not decreasing, source remediation should be
evaluated. The BIOSCREEN model can be used to estimate the benefits of source
reduction on the long-term monitoring timeframe, or on achieving plume stability.
Additional information on theBIOSCREEN model is provided in AppendixC.

2.3 REMEDIATION TO RISK- BASED CLEANUP GOALS

At many sites, regulatory agencies will require that the Air Force achieve some
numerical cleanup goals before final site closure can be granted. As illustrated in Figure
2.4, there are several specific circumstances where risk-based cleanup goals may be

needed to move the site closure process forward:
Sites for which local regulations require cleanup to specific numerical criteria;

Sites with completed exposure pathways which require more immediate reductions

in soil or groundwater contamination, or;

Sites where future land/groundwater use controls and excavation restrictions can

not be guaranteed
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In each of these situations, the establishment and application of risk-based cleanup
goals to the site remediation process may result in a more reasonable closure agreement
and limited long-term monitoring requirements. This section describes the key steps in
selecting and establishing risk-based cleanup goals.

2.3.1 Fundamentals of Risk-Based Corrective Actions (RBCA)

The RBCA process involves a tiered approach in which assessment and resultant
remediation activities can be tailored to site-specific conditions and risks (ASTM, 1994).
Increasingly complex levels of data collection and risk evaluation may be performed to
establish the type and magnitude of remediation required to reduce or eliminate
unacceptable risks at a particular site. The tiered approach provides the flexibility to
replace potentialy overly conservative, generic exposure assumptions with site-specific
information, while still providing the same level of human health and environmental
resource protection. Three basic tiers of site evaluation (e.g., data analysis) have been
established in the RBCA process:

Tier 1 or screening-level evaluations;
Tier 2 or site-specific evaluations; and
Tier 3 or advanced site-specific evaluations.

2.3.1.1 Using Tier 1 Generic Screening Levels

Tier 1 risk-based screening levels (RBSLS) are conservative (health protective), generic
cleanup criteria that define the amount of a contaminant that can remain onsite and not
present an unacceptable risk to potential receptors. Many states have devel oped land-use-
based RBSLs derived using reasonable maximum exposure (RME) assumptions for
industrial site workers. Industrial RBSLs represent the concentrations at which there
should be no unacceptable threat to industrial site workers including excavation workers.
Because industrial RBSLs are often based on 25 years of adult exposure to contaminated
soil and groundwater, they are less stringent than residential RBSLs which assume child

and adult exposure over a 30 year timeframe. For example, the State of South Carolina
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has established an industrial RBSL for direct contact with benzene in soil of 200 mg/kg
significantly greater than the 22 mg/kg standard for residential land use.

Because industrial RBSLs represent worst case exposure scenarios, many states have
streamlined the approval process for sites which have contaminant concentrations below
these standards. Preparation of closure documents based on generic RBSLs are easy to

prepare and do not require specialized risk assessment skills.

On many sites, maximum contaminant concentrations are less or very near to industrial
RBSLs. Site closure agreements for these sites normally require some guarantee that land
use will remain industrial and that soil or groundwater will be monitored until RBSLs are
achieved through natural attenuation or engineered source reduction. On sites where
contaminant concentrations significantly exceed RBSLs and the cost or timeframe to attain

RBSLs s excessive, the development of site-specific cleanup goals may be beneficial.

2.3.1.2 Developing Tier 2 Site-Specific Cleanup Goals

Site-specific cleanup goals can be developed when generic RBSLs are unreasonably
conservative and will result in a requirement for expensive engineered remediation or
extended long-term monitoring. Site-specific cleanup goals will differ from RBSLS in

several ways:

These goals incorporate site-specific data rather than generic assumptions about

land and groundwater use restrictions;

They are based on more reasonabl e exposure routes given the likelihood that reliable
and enforceable exposure controls will limit/prevent certain types of receptor

exposures to contaminated media;

They account for the positive impacts of natural chemical attenuation processes on
interrupting potential exposure pathways and/or minimizing exposure-point

concentrations; and
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They may sometimes be based on higher (less conservative 16 vs. 10%) target risk
levels than RBSLs, once the decreased probability of actual exposure is

documented.

Some states have specified the types of modifications, equations, and/or predictive
model s that can be used to devel op site-specific cleanup goals (Kosteki, 1997). To ensure
that these goals are acceptable, early consultation with regulatory authorities is
recommended to establish the exposure scenarios that will be used at the site. On most
Air Force fuel-contaminated sites the most likely exposure scenario involves short-term
excavation with human contact with contaminated soil, soil gas, and groundwater. This
limited exposure (90 days or less) will result in cleanup criteria that are often an order of
magnitude higher that RBSLs. Appendix D provides additional guidance on the

development of site-specific cleanup goals.

Before proceeding to Tier 2, Air Force environmental managers should evaluate the
additional cost of developing and negotiating these site specific goals versus the cost of
compliance with generic RBSLs. For example, if the site is small and RBSLs can be
achieved by removing and treating contaminated soil, it may be more cost effective to
actively remediate rather than fund the development of site specific cleanup goals. Sites
where less than 100 cubic yards of soil are contaminated at levels above RBSLs can
generaly be remediated more cost-effectively using excavation and off-site treatment
rather than pursuing site-specific cleanup goals. Professional risk assessors are generaly
required to develop site specific cleanup goals and many regulatory agencies are
understaffed with qualified risk assessors to review and approve these cleanup goals.
Beware of assigning this work to consultants who are lacking experience in working with

the risk assessment group within your local regulatory agency.

Approval of site specific cleanup goals will create significant savings on large sites such
as fuel storage and transfer facilities with thousands of cubic yards of contaminated soil
and large undefined groundwater plumes. The timeframe required to achieve site-specific

cleanup goals will be significantly less and result in lower long-term monitoring costs.

2-22
022/722456/HANDBK2/2.D0C



2.3.2 Attaining Cleanup Goals Using Natural Attenuation

If existing contaminant concentrations exceed risk-based cleanup goals, the impact of
natural chemical attenuation processes should be fully documented and factored into the
evaluation. In addition to proving that the plume is stable, the rate of biodegradation must
be estimated to determine an approximate timeframe for long-term monitoring. The case
study on the KC-135 Crash Site (Appendix A) is an example of how natural attenuation
was used to achieve RBSLs. Based on the BIOPLUME model, approximately 10 years of
natural attenuation will be required to attain RBSLs at this site. Because the plume is
stable or receding, and land use will remain industrial/flightline, the State of Michigan has

agreed to a site closure agreement specifying long-term monitoring and land use controls.

Because the potential for exposure is greater if more contamination is left in place,
more advanced models may be required to predict the effect of natural chemical
attenuation processes on exposure pathway completion and exposure-point concentrations
over time. Predictions about chemical fate over time and health-protective cleanup goals
must be based on verifiable field evidence of natural chemical attenuation. The timeframe
for achieving risk-based cleanup goals (levels of risk reduction) can be estimated and
factored into long-term land use decisions. If the timeframe and cost of long-term
monitoring is excessive, source reduction options should be considered. Appendix C
provides additional details on how to determine the effectiveness of natural attenuation at
your site and Section 4 discusses how to set up an appropriate level of long-term

monitoring and verification at your site.

2.3.3 Attaining Cleanup Goals Through Sour ce Reduction

There are severa situations when source reduction should be used to more rapidly or
efficiently attain risk-based cleanup goals:

There is an immediate risk to site workers due to explosive fuel vapors or vapors

which are migrating into an occupied work space;

There is a high probability that soil excavation will take place in soils which exceed
risk-based cleanup goals,
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The groundwater plume is expanding and moving toward an important water

resource (drinking water well or surface water), or;

The timeframe for natural attenuation alone to decrease soil and groundwater

contamination below risk-based cleanup goalsis excessive.

In each of these situations, protection of human health should be the primary concern
with cost the secondary concern. For example, at Charleston AFB Site ST-27, potentially
explosive levels of fuel vapors were discovered beneath an occupied building. An interim
remedial action was implemented using an internal combustion engine (ICE) to extract and
destroy fuel vapors. With this immediate risk removed, a combination of bioventing and
natural attenuation was selected to cost-effectively attain risk-based cleanup goals (see
Case Study in Appendix A). At another installation, a gasoline spill contained high levels
of benzene and was discharging directly into a drainage ditch at levels exceeding site
specific cleanup goals. A natural attenuation study determined that biodegradation rates
were slow and that nearly 100 years would be required for benzene concentrations to
decrease to site-specific industrial cleanup goals. A combination of biosparging and
bioventing was recommenced to reduce the long-term source of contamination and
prevent additional discharges of benzene into the drainage ditch. Additional information
on how to evaluate the need for source reduction and select an appropriate technology is
provided in Section 3 and AppendixE.

24 MODIFIED SITE CLOSURE STRATEGIES

Several states such as Cadlifornia view al groundwater as a resource and have
regulations which focus on resource protection (for drinking water) rather than allowing
land use specific cleanup criteria. Recently, the more progressive regional water resource
boards in California have recognized the value of natural processes as an in place
treatment method for fuel contaminated aquifers. This shift in resource protection
philosophy has been supported by the findings of the LLNL/UC plume study (review
Section 1) which found that over 95 percent of the plumes in the State of California are
stable or receding and undergoing in-place biological treatment. AFCEE recommends that
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a risk-management strategy using a combination of land use controls, proof of plume
stability, and verification of contaminant destruction using long-term monitoring be
pursued for small fuel-contaminated sites on active installations in California. For larger
sites on closure bases, a combination of risk-based cleanup goals for soil contamination,
proof of plume stability, and long-term monitoring may be appropriate for sites where
industrial (no groundwater pumping) deed restrictions can be negotiated. On BRAC bases
where deed restrictions are unacceptable, an engineered groundwater remediation system
may need to be installed and successfully operating before a land transfer can be
compl eted.
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SECTION 3
EVALUATING SOURCE REDUCTION TECHNOLOGIES

This section will help the reader to determine when source reduction may be required
at a site, provide guidance on effective technologies for the remediation of petroleum-
contaminated sites, and assists environmental managers in the selection of an appropriate

technology for a site-specific application.

3.1 DETERMINING THE NEED FOR SOURCE REDUCTION

The “source” of any fuel spill is generally defined as the area of highest fuel
concentration. (The primary source is generally a leaking UST or pipeline, and the
secondary source is contaminated soil.) In some cases this will include free product and in
most cases it will involve an area of highly contaminated soil from which contaminated soil
gas or a dissolved plume migrates. Despite this concentration of contaminants,

remediation of the source areais not always required or feasible.

3.1.1 The No Source Removal Option

There are several situations when source reduction may not be required or is not

recommended. This can include sites where;

No soil or soil gas pathway is complete and land use controls or worker protection
(such as Level C and excavation restrictions) can be enforced to prevent human or

ecological contact with contaminants;
Sail contaminant levels are |l ess than risk-based cleanup goals;

No groundwater plume exists, or sites where the leaching of contaminants from soil

to groundwater is not creating an expanding plume;
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The removal of the source is technically infeasible or prohibitively expensive.

The first two situations are likely at smaller sites which have existing land use controls
or sites with little remaining source. The KC-135 Crash Site case study found in
Appendix A illustrates the third situation. Although a source of contamination remains in
the capillary fringe on this site, the resultant plume has been stabilized by natural
attenuation processes and is in no danger of leaving an industrial/flightline area. The
additional cost of source removal at this site produced no risk-reduction benefit nor did it

significantly reduce the long-term monitoring timeframe.

There are also sites where the removal of the source is technically infeasible. Probably
the most common situation is when free product has become submerged below the water
table. This can occur at sites with shallow groundwater where the leaking tank or
pipeline released fuel several feet below the water table or at sites where reductions in
regional groundwater use have resulted in rising water tables which have submerged free
product and highly contaminated soils. In both of these situations, the cost of dewatering
the source area and the uncertainty of success need to be weighed into the risk-based
remediation decision. For example, it may be more cost effective to model the expected
l[imit of plume migration and expand the long-term monitoring well network to
accommodate plume expansion rather than try to limit expansion through source
reduction.

3.1.2 The Engineered Source Reduction Option

Engineered remediation may be required to reduce or control identified risk or in
response to other requirements such as regulatory direction, public pressure, or to achieve
aesthetic goals. Often by using a combination of engineered remediation and natural
attenuation, the chemical risks associated with the source area can be rapidly reduced,
while natural attenuation and groundwater use controls can cost-effectively reduce the risk
associated with the dissolved plume. There are severa situations where engineered

source reduction may be required or is recommended. This includes sites where:
Emergency or interim actions are needed to eliminate an existing risk;
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Contaminant levels exceed risk-based cleanup goals for the intended land use;

The resulting groundwater plume is expanding and could result in a future pathway

completion;

The rate of natural attenuation is slow and the plume will require monitoring for an

excessive timeframe;
Political or aesthetical considerations are dominating the decision making process.

Source reduction should be completed as soon as possible in situations where a
pathway is complete and dangerous expasure concentrations (or explosive hazards) exist.
For volatile fuel contamination, soil vapor extraction is often the most expedient method
of removing risk. For sites with potential exposures exceeding risk-based cleanup criteria,
source reduction and short-term land use or excavation controls will be required. Sites
with potent source areas can produce dissolved levels of contamination that exceed the
natural assimilative capacity of the aquifer resulting in continued plume expansion. Source
reduction will decrease the loading of dissolved contaminants and allow the natural
assimilative capacity to stabilize and eventually decrease the plume size and intensity.
Based on AFCEE experience at over 50 natural attenuation demonstration sites, the most
frequent justification for source reduction has been the cost savings associated with

decreased monitoring requirements at a site.

At some sites there may be no current or anticipated future risk that would require
engineered remediation. However, aesthetic considerations, public perception and
political pressures may require that some form of engineered remediation take place.
Despite the increasing awareness of natural attenuation, pathway elimination strategies,
and risk-based cleanup goals, some regulators continue to demand the most aggressive
cleanup approach for every site. A more reasonable approach is often accepted after
contacting technical experts within the responsible regulatory agency and asking for their
support.  The removal of light non-agueous phase liquid (LNAPL) is an example of a

cleanup requirement that may be driven by non-risk considerations. Given currently
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available technology, no more than 33 percent of the LNAPL mass can be recovered in
most soils. Although a 33-percent recovery does not result in significant mass reduction
or alter risk exposure concentrations, free product recovery will frequently be a regulatory
requirement. At some sites it may be possible to demonstrate that the cost of product
recovery is not justified by a commensurate reduction in risk. Nonetheless, under current
regulations, free product recovery will be required at many sites independent of risk. Itis
important to understand what is driving the requirement for source reduction. This will

determine site-specific remedial objectives and guide the process of technol ogy selection.

3.2 IDENTIFYING THE REMEDIATION TARGET

It is important to identify where the greatest mass of contamination contributing to risk
is located in the subsurface. For example, in a JP-4 jet fuel spill the benzene in
groundwater may represent the chemical and receptor exposure pathway of greatest
concern. Due to the relatively low solubility of benzene in water (relative to it’s solubility
in JP-4) the mass of dissolved benzene typicaly is quite small. It is not uncommon to find
that less than 1 percent of the mass of benzene at a site is dissolved in groundwater. In
contrast, over 95 percent of the benzene mass is often retained in free product or fuel
residuals trapped in soils near the source of the spill. The most cost effective source
reduction technology will be the one that can provide the most risk reduction at the
lowest overall cost.

Fuel contamination may be present in several forms:

Occluded - in soils, the LNAPL often exists at concentrations that are less than
residual saturation. This fuel LNAPL is present as small oil droplets trapped
between soil particles. This is the form that represents the maority of the

contaminant mass at most sites.

Sorbed - this is contamination reversibly bound to the surface of soil particles
and may represent a more significant mass a many sites than dissolved

contaminant, but usually less than trapped oil droplets.
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Continuous free phase - free product or recoverable (mobile) LNAPL. Thisis
the free-phase product present in sufficiently high concentrations to form
continuous streams that will flow into a monitoring well. This form normally
represents less than 10 percent of the LNAPL mass present at most sites, and

rarely exceeds 33 percent.

Soil gas - the fraction of contamination in this phase depends upon vapor
pressure of the fuel and site-specific conditions. A highly volatile fuel, such as
gasoline may generate 1 or 2 percent of the total hydrocarbon mass in the soil

gas.

Dissolved - this fraction of the fuel generally represents less than 1 percent of the

total mass.

While groundwater and soil gas are the media through which contaminants most readily
migrate, the source of risk is generally concentrated in the soil or free product. It isalso
important to determine the position of the contaminant mass relative to the water table.
Contamination can be in the vadose zone and/or the saturated zone depending on the
depth at which the fuel release occurred. Generally, a mgor fraction of the LNAPL
contaminant mass is above the seasonally low water table. At most sites the only
mechanism for transport downward into the water table is the leaching of dissolved
hydrocarbons. Leaching is minimized when soils are covered with concrete or asphalt and
in low precipitation regions. Two exceptions are 1) when the regional water table has
been lower in the past than it is now, and 2) when fuel leaks from tanks that are installed

below the seasonal low groundwater level.

The “smear zone” is defined as the layer between the permanent vadose and saturated
zones. Thisis the zone within which the water table fluctuates seasonally, where capillary
forces maintain near-saturated conditions. The thickness of the smear zone is site-specific
and is based on soil characteristics and seasonal water table fluctuations . At most sites
the water table fluctuates only a few feet. The thickness of the capillary fringe also will
depend on site-specific conditions. In a coarse sandy soil, the capillary fringe may be quite
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thin, a few inches at most; in a clay soil, the capillary fringe may extend several feet above
the water table.

Before entering the technology selection process it is important to estimate the relative
distribution of fuel contaminants among the various media and subsurface zones at the
site. Appendix B provides guidance on soil and free product sampling procedures.
Continuous soil coring and soil gas surveys completed during site characterization can
provide a good estimate of where the greatest mass of fuel resides. Cohen and Mercer
(1993) provide a detailed procedure for estimating total hydrocarbon mass in the soil and
groundwater. It is often difficult to estimate the mass of continuous free-phase product
which equates to the volume of recoverable product. This issue is addressed at greater
length on page 3-13.

3.3 SOURCE REDUCTION TECHNOLOGY SELECTION PROCESS

Considerable guidance has been published on the process for identifying and screening
remedial technologies under RCRA and CERCLA (USEPA, 1988, Environmental
Services Directory, 1993). Detailed screening of technologies is seldom required for
petroleum contaminated sites. This section will focus on a simplified process for selecting
the most cost-effective technology for achieving specific risk-reduction or other remedial
objectives. In many cases it will be more cost effective to abbreviate the technology
evaluation process and simple apply a proven remedy. For example, if a small quantity of
surface soils (<100 ydf) is contaminated with diesel fuel, it usually will be more cost
effective to excavate and properly dispose of the soils (landfarm, landfill or off-site thermal
treatment) rather than to go through a formal technology evaluation, selection, and
implementation. Throughout the remediation planning process, the following question
should be frequently asked: could the remedial objectives be achieved for less cost by
going straight to a preferred remedy rather than by continuing to study the problem? If
the source area is large and the cost of active remediation is high, the selection process
outlined in this section should be applied to achieve remedial objectives at the lowest cost.
The general technology selection process is outlined graphically in Figure 3.1.
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3.3.1 Technologies With Widespread Application

Many technologies are widely accepted and have proven to be cost-effective remedies
for a variety of source reduction applications. Examples include soil vapor extraction
(SVE) for treatment of volatile hydrocarbons (e.g., gasoline) in the vadose zone,
bioventing for treatment of JP-4 or JP-8 in the vadose zone, and excavation and off-site
treatment for small quantities of contaminated soils. The selection of a preferred remedy
requires minimum evaluation of alternatives or pilot testing, and is usually accepted by
regulators. If the estimated cost of applying a preferred remedy is lower than the cost of
continuing to study a contamination problem, the preferred remedy should be applied.

Several factors must be considered when evaluating any preferred remedy, including
the volume of contamination, the cleanup goals, and time constraints. For example, a
small site with 400 y&@ of JP-4-contaminated soil could be remediated by excavation and
offsite low- temperature thermal desorption for a cost of approximately $75/yd’, or
$30,000 total cost. This would be a preferred remedy particularly if the site had a tight
clay soil and was located on a closure base which was scheduled to be turned over to a
private developer next year. Although the cost of bioventing on this site should be less
than $50/yd®, the time required to design and install a bioventing system, and the risk that
bioventing would not reach the cleanup goa within 1 year, would out-weigh the potential
cost savings. Conversely, if the site was not on a closure base, and had no time constraint

on achieving closure status, it would be worth pursuing the bioventing option.

Table 3.1 provides a listing of technol ogies with widespread application for treating the

environmental media contaminated by petroleum hydrocarbons. AFCEE has
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FIGURE 3.1
FLOW CHART FOR REMEDIATION TECHNOLOGY SELECTION
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Table3.1

Technologies for Remediation of Petroleum-Contaminated Sites

Treatment Technology Soils- Soils- Soils- Ground-
Vadose | Smear | Saturated water Soil gas

In Situ

Natural Attenuation 1 1 1 1 1

Bioventing 2 2 6 6 3

Soil Vapor Extraction 3 3 6 6 2

In Situ Heating Methods 3 3 6 6 4

Air Sparging/Bioventing 3 3 4 45 4

Biological Enhancements 4 4 4 4 6

In-Well Aeration/Recirculation 8 4 4 4 6

Barrier/Treatment Walls 8 8 6 4 8

Pump and Treat 8 8 7 4,5 8
Free Product Recovery

Skimming 8 4 6 6 8

Groundwater Depression 8 4 6 5 8

Bioslurping 4 4 6 5 3
Excavation and Ex Situ Treatment/Disposal

Biopile 3 3 3 6 3

Low-Temperature Thermal 3 3 3 6 6

Desorption

Offsite Disposal 3 3 3 6 6

1.Technology of first choice, usually lowest cost and effective; a preferred remedy.

2.Technology of choice if natural attenuation cannot be applied; usually a preferred remedy.
3.Technology that may be selected if 1 or 2 cannot be applied; may be a preferred remedy.

4.Technology that will provide some treatment, effectiveness uncertain; not a preferred remedy.

5.Technology that may be effective for containment; not a preferred remedy.

6.Technology may provide limited treatment, but is not designed for this purpose, and the effectiveness is

uncertain; not a preferred remedy.

7.No immediate impact is expected, long-term improvement may occur as a result of application; not a preferred

remedy.

8.No impact anticipated; not a preferred remedy.
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recommended natural attenuation as the initial choice for all environmental media where
attenuation can be scientifically documented. There is growing evidence that at most fuel-
contaminated sites, natural attenuation alone will be sufficient to mitigate long-term risks
to human health and the environment. When short-term risk is associated with soil
contamination, bioventing should be considered a preferred remedy for vadose zone soils
and the “smear zone”. One exception is small sites with relatively small volumes (<100
yd®) of shallow soil contamination. At such sites, excavation and on-base biopile
treatment, offsite thermal desorption, or offsite disposal will generally be more cost
effective thanin situ bioventing. Any time that less than 100 yd of soil is contaminated,
the excavation and ex Situ treatment/disposal remedy should be evaluated prior to
spending additional time and money studying the problem.

The technologies presented here are routinely applied at fuel-contaminated sites. No
effort was made to present the multitude of emerging technologies or those technol ogies
that have produced questionable results. For example, bioaugmentation (the process of
adding microorganisms to enhance biodegradation at a site) has been marketed for many
years by numerous vendors, but peer-reviewed literature shows little advantage of

bi caugmentation over biodegradation by native bacteria.

Numerous guidance documents, protocols, manuals, and other publications are
available that provide extensive details on these technologies. Appendix G provides a
listing of these available references. It is not the intent of this report to duplicate detailed
information provided elsewhere. Brief summaries of several technologies are presented in
this section to assist in the process of technology screening and planning the remedia
process. The actual design and implementation of engineered remedial options will

require more detailed guidance.
Bioventing

Bioventing is the process of injecting or extracting air from the vadose zone to supply
oxygen for aerobic biodegradation of fuel residuals. Bioventing is related to SVE; the
significant difference is in the design objectives. SVE is designed to maximize
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volatilization of contaminants, and bioventing is designed to maximize biodegradation of
these chemicals. Bioventing systems usually employ a much lower air flow rate than SVE
systems. Bioventing systems with air flow rates in the range of 5 to 20 cubic feet per
minute (cfm) are not uncommon. Bioventing usually does not result in a air emissions

requiring permitting or treatment.

According to the Air Force Bioventing Principles and Practice Manual, bioventing has
been shown to successfully remediate petroleum hydrocarbons in the vadose zone at over
95% of the 150 Air Force test sites. Bioventing has been less successful in desert
environments where moisture may be limiting. Bioventing will not work if soil air
permeability is too low to alow gas flow. This is rare, and in practice bioventing is
usually successful even in low permeability soils. Bioventing can also be used to
effectively treat the smear zone, which is particularly important if the fuel mass is
concentrated in this zone. To the extent that the water table fluctuates, the deeper portion
of the smear zone will be aerated during the seasonal low water table. Bioventing will
also aerate the vadose zone immediately above the smear zone, allowing some limited
treatment by diffusion. Air injection bioventing may depress the water table somewhat,
resulting in additional smear zone treatment. Bioventing probably has minimum effect on
groundwater contaminants. Any reports of bioventing contributing to decreased
groundwater contaminant concentrations, are probably attributable to source removal

rather than to oxygen transfer into the saturated zone.

Two limiting factors must be evaluated when considering bioventing as a source
removal technology at a site: safety and time. At some sites air injection may not be safe,
as is the case when the contaminant is volatile and there is a risk of displacing
contaminated vapors into structures. For example, a gasoline spill adjacent to buildings
with basements or close to vaulted utilitiesis a poor candidate for air injection bioventing.
Numerous controls are available to monitor and control VOC vapor migration, but this
concern has precluded air injection at some sites. Initialy, operating the bioventing
system in the air extraction mode often will clear VOC vapors and allow subsequent

operation in the air injection mode.
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The other limitation on bioventing is time to achieve target cleanup goals. Cleanup
time is site-specific, but normally bioventing takes a few months to years. As mentioned
previously, BTEX contamination is routinely reduced by over 95 percent during the first
year of bioventing, but heavier hydrocarbons, including PAHSs, can take several years.
Because BTEX (specifically benzene) is frequently the primary risk-driver at fuel release
sites, its preferential removal in the bioventing process is a significant advantage in the
risk-based remediation approach. In sandy soils, SVE will usually remediate BTEX and
light hydrocarbons more quickly than bioventing, but often requires expensive off-gas
treatment.

Soil Vapor Extraction

SVE is the process of extracting soil gas from the vadose zone to enhance the
volatilization of contaminants and remove the vapor-phase contaminants for atmospheric
discharge or above ground treatment. SVE is a proven and widely applied technology for
treatment of volatile contaminants such as gasoline and chlorinated solvents in the vadose
zone. SVE air flow rates tend to be higher than those for bioventing, often as much as 10
to 20 times greater. SVE results in a contaminated air stream that may require an air
emissions permit and frequently requires off-gas treatment. For sites with low levels
(<10,000 ppmv) of soil vapor, SVE without off-gas treatment may be allowed in some
states. For sites with high levels (>10,000 ppmv) of soil vapor contamination, AFCEE
recommends the use of the internal combustion engine (ICE) technology. ICE equipment
is capable of both the extraction and destruction of hydrocarbon vapors and has proven to
be very cost-effective at vapor concentrations above 10,000 ppmv (AFCEE, 1994).

SVE has been applied successfully at thousands of fuel- (and solvent-) contaminated
sites. In contrast to bioventing, low-permeability soils can be a serious limitation for SVE
due to the higher required air flow rates. The impact of SVE on contaminants in the
smear zone and saturated zone are similar to those discussed for bioventing, except that
when air is extracted the applied vacuum may cause the water table near the extraction

wellstorise, resulting in less effective treatment of the smear zone at some sites.
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The primary reasons for not using SVE are cost and feasibility. If air injection can be
safely performed, bioventing is amost always less expensive than SVE. SVE is not

feasible for removing heavier hydrocarbons and for treatment of fuelsin some tight soils.
Free Product Recovery

In planning free product recovery, remember that the fraction of recoverable liquid
contamination at most sites is small (i.e., rarely more than 33 percent of the total NAPL
and usually much less). For example, if the initial TPH concentration in the smear zone is
60,000 milligrams per kilogram (mg/kg), the concentration could still be over 40,000
mg/kg after a very successful free product recovery program. The benefits of attempting
free product are often political or “aesthetic’. Rarely do these attempts result in a
measurable reduction in risk. Inlight of this reality, AFCEE recommends that the cost of
satisfying political or aesthetic requirements be minimized by first conducting ssmple
“baildown” tests and installing passive skimming systems whenever possible. Only after
careful pilot testing should any product recovery technology requiring expensive
aboveground treatment be recommended for full-scale installation. There are a number of

technologies in use for free product recovery that can be grouped into three categories:

Passive skimming, where only product, and minimal groundwater or soil gas is
extracted and no gradient is induced;

Groundwater depression, where both product and groundwater are pumped, a
cone of depression is produced resulting in a gravity gradient driving product flow;

and

Dual-phase recovery (aka bioslurping), where product, groundwater, and soil gas

are extracted, and a vacuum is induced to drive product flow.

Passive recovery impacts only the continuous free phase in the smear zone.
Groundwater depression relies on gravity flow and requires a pump-and-treat system to
create the gravity flow that recovers mobile LNAPL from the smear zone. Dual-phase
recovery has a similar impact below the water table as groundwater depression, but also
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extracts soil gas from the vadose zone, resulting in some biodegradation (hence the term
"bioslurping”) and some volatilization. The dual-phase extraction system also may induce
additional flow of LNAPL from the capillary fringe that neither skimming nor
groundwater depression will effect. The drawback of groundwater depression and dual-

phase systems is the high cost of treating extracted groundwater and soil vapor.

Determination of recoverable product at any given site is more of an art than a science.
The past standard practice of estimating product thickness in wells and trying to
extrapolate a recoverable product volume has resulted in large investments in free product
recovery systems that have failed to recover even 1 percent of the estimated product.
AFCEE now recommends a series of simple baildown tests, limited pump down tests, and
vacuum enhanced recovery tests to determine the likelihood of successful free product
removal. These improved methods for pilot testing free product recovery systems are
described in the Field Treatability Test for Free Product Recovery- Evaluating the Feasibility

of Traditional and Biodurping Technologies.
Excavation and Treatment or Disposal

Soils can be excavated and treated on site or treated and disposed of off site.
Excavation is normally the preferred remedy for small volumes (<100 yé) of easily
accessible, contaminated soil. The feasibility of excavation is a function of depth, soil
structure, and surface structures at the site. Offsite disposal is frequently an option, but
depends on the availability of facilities willing to accept fuel-contaminated soil. In some
localities it is possible to dispose of hydrocarbon-contaminated soil at no cost where a
landfill is short of daily cover and needs the soil. In other parts of the country, fuel-
contaminated soils can be disposed of as nonhazardous waste in a landfill for $10 to
$100/yd®. If the soil must be disposed of at a hazardous waste landfill, transport and
disposal fees will be much higher. Other offsite options include regional treatment
facilities that may treat the soil thermally or biologically. In some locations it may be

possible to use a predominantly sandy soil as feed material in an asphalt plant.
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Low-temperature thermal desorption heats soils (and the fuel contaminants) to a
temperature below ignition and above the vapor pressure. This desorbs the contamination
from the soil and into the vapor phase. The VOCsin the air stream are then incinerated at
a high temperature. Low-temperature thermal desorbers are available in mobile units, or
may operate at fixed facilities near some Air Force installations. Mobile units that have
relatively high mobilization costs are only cost effective for sites with larger quantities of
soil (usually more than 1,000 yd). Onsite treatment costs of $30 to $60/yd® are common
for this technology. At some bases the soils from several small sites have been treated

during a single mobilization, making the process more cost effective.

Landfarming is the spreading and mixing of contaminated soils at an aboveground
facility to stimulate biodegradation; frequently volatilization is also an important treatment
mechanism. It is an effective technology for treating a variety of petroleum hydrocarbons,
and isin widespread use. The cost of landfarming is reduced as the soil volume increases,
but generally falls in the $20 to $50/yd range. Drawbacks to this technology include the
relatively large land area requirements, and in some climates, the seasonal nature of

operations due to precipitation or cold temperatures.

Biopiles are piles of soil into which oxygen is introduced through ventilation pipes.
Moisture and nutrients may or may not be added, and temperature may or may not be
controlled. Piles may be covered with plastic when leachate formation is a concern. Costs
tend to be higher than for landfarming, but less land is required, the process can be better
controlled, and year-round operation is possible. The Navy has constructed centralized

biopiles at several bases to treat soils from multiple sites.

3.3.2 Technologies With Limited Application

A second group of technologies are not recommended for widespread use but may
have limited application at some Air Force petroleum-contaminated sites. Although air
sparging, in-well aeration/recirculation, biological enhancement, and pump and treat
systems have achieved remediation at some sites, their success is far from universal.

Based on available literature, there is no evidence to suggest that these technologies will
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consistently achieve cleanup objectives. The following technologies have limited

applications and should be evaluated on a site-by-site basis.

Air Sparging/Biosparging
In Well Aeration/Recirculation

Biological Enhancements for Groundwater (Oxygen Addition Compounds,
Nutrients, “ Designer Bugs’)

Barrier/Treatment Wall Technologies
In Situ Heating Methods ( Steam Injection, RF Heating, Six-Phase Heating, etc.)
Pump and Treat Methods

Air Sparging/Biosparging

Air sparging is the process of injecting air under pressure into an aquifer. The objective
is to force the air to move through contaminated aquifer material and groundwater in as
many small channels as possible. Treatment may occur either through volatilization or
through biodegradation stimulated by adding oxygen. A sparging system often is coupled
with SVE to collect the VOCs that have volatilized into injected air. Although air
sparging has been applied at numerous sites, the current understanding of air sparging
performance and effectiveness is limited. One potential concern is the tendency for
injected air to form channels in the aquifer. When one of these channels intercepts a
monitoring well, the air then bubbles up through the well, stripping contaminants and
oxygenating the well water. As a result, the monitoring well quickly appears “clean”,
although much of the surrounding aquifer remains untreated. This false indication of rapid

treatment led to early enthusiasm for air sparging, and its indiscriminate application.

More recently researchers have found that many of the early “successes’ of air sparging
were not in fact successful remediation (Basset al., 1995). The physics of air flow in an

aquifer are more complex than first thought, and a real understanding of air sparging is
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only beginning to emerge. It is clear that air sparging can have some impact on
contaminated soils below the water table, and on contaminated aquifers, however, it is
also clear that at many sites air sparging has been ineffective. Special site conditions may
lend themsel ves to successful use of sparging to address dissolved fuel compounds. Sandy
aquifers with shallow groundwater contamination may provide for more uniform treatment

than sites with mixed sand, silts and clays.

The primary reasons for not selecting air sparging are uncertainty and infeasibility.
Uncertainty is due to a limited ability to predict sparging effectiveness from site to site
given the current state of the art. Infeasibility is usually discovered through pilot testing.
One common problem is formation of large, horizontal air channels that allow injected air
to bypass contaminated groundwater. At other sites, al of the injected air moves up to
the vadose zone in the immediate vicinity of the injection point, resulting in a very small
radius of influence. In some aquifers (silt and clay soils) the permeability is too low to

inject air.

In-Well Aeration and Recirculation

In-well aeration is the process of injecting air into a well with three intended purposes:
the stripping of volatile organics from groundwater that enters the well, the addition of
oxygen to groundwater, and the displacement and recirculation of groundwater outside of
thewell. Thefirst two processes (stripping of volatiles and addition of oxygen) are amost
certain to occur at any site, however, the recirculation of groundwater outside of the well
has not been consistently proven in sandy aguifers and maost certainly will not occur is low
permeability soils. The obvious shortfall of this technology is the limited influence that
oxygen addition or volatiles stripping will have outside of the well. This technology has
not demonstrated a consistent ability to uniformly treat sandy aguifers, and has no
application in low permeability silt and clay soils (AFCEE, 1997).

Biological Enhancements
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Biological enhancements include the addition of cultured bacteria, surfactants,
nutrients, and enhanced electron acceptors (oxygen, nitrate, sulfate) to soil or
groundwater. A complete discussion of all enhancements is beyond the scope of this
document. The following paragraphs provide the “bottom line” AFCEE recommendations

on biological enhancements.

Based on the documented ability of naturally occurring microorganisms to degrade
petroleum contamination, the addition of specialized bacteria to enhance biodegradation
processes is not recommended. During the past twenty years there have been hundreds of
bacteria cultures, special enzyme mixes, etc. which have been marketed as providing
significant enhancements to natural processes. These additives have been recommended
for injection into the soil or groundwater or mixed with soil in aboveground treatment
cells. AFCEE and other independent evaluators have carefully reviewed the claims of
many of these vendors and concluded that with few exceptions, natural bacteria are
capable of degrading petroleum hydrocarbons at the same (or faster) rate as the
specialized bacteria. Bacteria addition is not recommended for the biodegradation of

petroleum hydrocarbons.

The addition of surfactants in landfarming applications has the potential to improve the
bioavailability of some heavy hydrocarbons and speed the biodegradation process.
Unfortunately, because surfactants are organic compounds, they often create a new food
source for bacteria and compete with contaminants in the biodegradation process.
AFCEE recommends that any remediation plan that is considering the use of surfactants
first complete a pilot test which compares the biodegradation achieved in soils with and
without surfactants added. Because of the time that may be required (several years) to
attain clean up goals for PAH compounds, other options such as |ow-temperature

desorption technol ogies should be considered in lieu of landfarming for heavy ails.

Nutrient additions such as nitrogen and phosphorous are generally not recommended
for in situ bioremediation. Bioventing pilot studies conducted at 135 test sites on over 50
Air Force installations concluded that natural levels of nitrogen and phosphorous are
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generaly sufficient to sustain continuous biodegradation rates. Pilot testing has also
shown that the addition of nutrients to existing bioventing systems had little or no impact
on biodegradation rates (Miller, 1990). Other factors such as bioavailability and oxygen
supply are more likely to be limiting the rates of in situ biodegradation. The use of
nutrients to enhance the biodegradation in landfarming operations has been documented.
The low cost of adding nutrients to soils in aboveground treatment projects make this
practice a standard procedure for most landfarming operations. Although not as well
studied, the addition of nutrients to groundwater to enhance the biodegradation of
dissolved hydrocarbons is not expected to significantly enhance biodegradation rates. Any
in situ application of nutrients to soil or groundwater should be proceeded with a pilot test
which compares natural biodegradation rates to “nutrient enhanced” rates. Maintaining
proper moisture content is a very important environmental factor in most soil
bioremediation projects. Although optimal moisture will vary with soil type, a range of 5

to 15 percent by weight is adequate in most soils.

Perhaps the most commonly used biological enhancement is the addition of oxygen to
the soil or groundwater. Bioventing is the simple addition of air (oxygen) to the soil.
Although not as efficient or predictable, biosparging is the addition of air (oxygen) to the
groundwater. Other sources of oxygen addition are available such as pure oxygen,
hydrogen peroxide and most recently oxygen addition compounds such as magnesium
peroxide. Each of these oxygen sources has the potential to provide a higher
concentration of oxygen to the groundwater than air sparging which is limited by the air-
oxygen solubility of 8-12 mg/L in most groundwaters. However, each of these alternate
oxygen sources has disadvantages. Pure oxygen can present a safety hazard, hydrogen
peroxide is very unstable in most aguifers, and magnesium peroxide is very expensive to
apply over an extended timeframe (approximately $100 per pound of oxygen delivered).
A common problem of all oxygen addition methods is the poor distribution of oxygen as
the distance from the point of injection increases. In most cases, this results in an excess
of oxygen at the point of injection and little or no oxygen between points of injection. In

light of the cost and inefficiencies of oxygen addition, AFCEE recommends that oxygen
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addition to groundwater only be considered at sites where the natural rates of attenuation

are too slow to prevent contaminated groundwater from migrating to a potential receptor.
Permeable Barriers/Treatment Walls

One method of improving the uniformity of groundwater treatment is to install a semi-
permeable barrier which can either physically or biologically remove contaminants as
groundwater passes through the in situ treatment wall. Volatile BTEX contamination can
be physically removed from groundwater by creating an air sparging curtain of closely
spaced sparge wells or by placing a horizontal sparge well in a gravel-filled trench that
intercepts groundwater flow. Sparging curtains will also add oxygen to the passing
groundwater and may create a biologically active treatment zone that can remove low
levels of BTEX from the passing groundwater. Surry mixtures of magnesium peroxide
have also been promoted for this purpose, but the long-term cost of reinjection of this
chemical could make this cost prohibitive on large sites. In situ treatment walls may be
effective for preventing a BTEX plume from discharging to a drainage ditch or migrating
off base property. This technology should not be implemented at a site where the plume is

stable or forward migration poses no threat to receptors.
In Situ Heating M ethods

Severa in situ heating methods have been developed for enhancing the removal of
contaminants from the soil and capillary fringe. Resistive heating, radio-frequency
heating, and steam injection are some of the most commonly promoted in situ heating
techniques. All of these technologies have had limited field application and are generally
used to enhance the removal of high molecular weight compounds which can not be
removed by soil vapor extraction and are difficult to biodegrade. Since most Air Force
petroleum products can be biodegraded using bioventing or extracted using SVE, the
additional cost of heating the soil to enhance SVE is difficult to justify.

Pump and Treat
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Until recently, pump and treat was one of the most frequently applied technologies for
sites with significant groundwater contamination. Over the past five years, most
remediation experts have concluded that pump and treat is primarily a containment
technology that should be used only when the dissolved plume migration pathway must be
interrupted to prevent direct receptor exposure to contaminated groundwater. This is
particularly true for petroleum hydrocarbons, given that almost all petroleum related
plumes eventually stabilize under the influence of natura attenuation. As previously
mentioned, the majority of the pump and treat systems now operating at fuel spill sites

may be counter-productive to natural attenuation processes, and should be reevaluated.

34 REMEDIATION TIME AND COST ESTIMATES

Appendix E provides a useful guide for estimating the timeframe and cost of several
remediation technologies. Two screening criteria are presented: the estimated time and
the estimated cost to achieve a required reduction in BTEX concentrations in the soil or
groundwater. The actual cleanup time and cost will be site-specific. The purpose of
Appendix E is to provide general guidance, not to replace professional judgment and a
more rigorous comparison of the alternatives based on site-specific factors such as the
initial concentration of BTEX and the relative difficulty of working at different sites or
different regulatory environments. These cost estimates are based upon professional
experience, and that same experience has made it clear that it is difficult to estimate time
and cost without evaluating many factors. Site-specific cost and cleanup times should be
professionally estimated before initiating a costly remediation program.

A series of cost charts are provided in Appendix E for general technology evaluations
and project estimating for remedia technologies frequently used for petroleum
contamination. These costs are all for BTEX contamination in moderately permeable
soils, and assume good conditions for application of the technology. Lower-permeability
soils will typically result in higher costs and slower cleanup times. Application to heavier
hydrocarbons such as PAHs will usually result in longer time frames and higher costs.

These are typical costs for DOD sites using standard technology installations, not high-
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priced research projects. The time and cost estimates assume the project is implemented
to the minimum technical specifications to meet the risk-reduction objectives.

3.5 PILOT TESTING

Pilot testing can serve two valuable functions in the technology selection and design
process. The first function is to confirm that a preferred remedy such as bioventing will
perform as expected at a specific site. Although technologies such as bioventing have
achieved a 95-percent success rate at fuel-contaminated sites, there have been exceptions
(e.g., severa desert sites and wet clay sites) where bioventing was infeasible. If your site
fals into one of these exception categories, a bioventing pilot test is strongly
recommended. (Prior to initiating a bioventing pilot test obtain a copy of the AFCEE
Bioventing Protocol or Bioventing Principles and Practices Manual for Pilot Test

Procedures.)

A second function of a pilot test is to collect key performance data so that a full-scale
system can be properly designed and installed. Thisis most important at larger sites where
multiple wells or monitoring points must be properly spaced, and blower units must be
properly sized. As with other steps in the process, the cost of the pilot test must be
compared to the cost and additional unknowns of proceeding without site-specific test
results. For example, at a small hydrocarbon site it may be more cost effective to simply
install a one- or two-well bioventing system than to conduct a pilot test and then return to
add an additional vent well. The cost of pilot testing can be significantly reduced if the
testing can take place at the same time the risk-based site investigation is underway.

There are several simple tests that can be performed during the site investigation and
used to establish the feasibility of commonly applied technologies. Whenever a boring or
probe is advanced, the field geol ogist/engineer should consider how that location could be
used to collect pilot test information, natural attenuation data, or to prepare the site for a
full-scale source reduction technology. Soil borings completed in contaminated soil
should be completed as bioventing/SVE venting wells or soil vapor monitoring points.
Sail borings completed in clean soil should be completed as background soil vapor
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monitoring points. Penetrations below the water table should be completed as either
permanent or temporary monitoring wells for collecting contaminant or geochemical data.
At least one well should be completed in the source area where free product is expected.
Thiswell can be used for product baildown testing.

Appendix E provides a summary of the most important pilot test objectives for severa
of the technologies listed in Table 3.1. The specific pilot testing procedures for these

technologies can be found in the referenced protocols and technical literature.
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SECTION 4
PLUME REMEDIATION

This section will describe several options for both managing and reducing the risks
associated with contaminated groundwater plumes that have originated from petroleum
spills. Due to the increased acceptance of natural attenuation as an in place remedy for
fuel related contamination, many new options for site remediation and closure are
available today that were not possible five years ago. This section will provide the reader
with an overview of these options and the important steps that must be taken to secure a

closure agreement on sites with dissolved groundwater plumes.

4.1 REVIEW OF REGULATORY OPTIONS

Section 2 described two strategies for managing and reducing risks at fuel
contaminated sites. The approach used for petroleum-contaminated plumes on your
installation will depend upon the regulations which apply to your site. Base environmental
managers should be familiar with their state UST regulations and keep informed of
pending legislation. In this rapidly changing regulatory environment, understanding the
latest policy changes could result in significant cost and time savings. New RCRA and
CERCLA guidance is available on the use of natural attenuation as a site remedy. Asthis
guidance is implemented it should provide new site closure options for RCRA and
CERCLA sites.

The first approach is based on the premise that if long-term land use and groundwater
use can be controlled to eliminate exposure pathways, natural attenuation processes will
eventually reduce contaminant concentrations to levels that no longer require institutional

controls. On these sites, the contaminated plume is contained within an area where human
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or ecological contact with groundwater can be prevented. The concept of natural plume
containment and gradual destruction is now accepted in many states and has become a
recognized regulatory option. This option may not require long-term monitoring if plume

stability and decreasing concentrations have been verified by past historical data.

A second option that has been adopted by many states focuses on the attainment of
risk-based cleanup goals. These goals can be generic for the intended land use
(residential, commercial/industrial) or based on less conservative, site-specific exposure
scenarios. This option also makes maximum use of natural attenuation, but can include
soil or source remediation to accelerated the attainment of cleanup goals. This option
generaly requires long-term monitoring to track the progress of natural attenuation

toward the final cleanup goals.

It is important to point out that both the “plume containment” and “remediation to
cleanup goa” approaches should rely on natura attenuation as the first choice of
remediation. The primary difference between these approaches is the means by which risk
is eliminated. Plume containment seeks to minimize risk by documenting natural
attenuation and guaranteeing land and groundwater use control. Remediation to a clean
up goal seeks to minimize risk by documenting natural attenuation and setting risk-based

cleanup goals that establish atimeframe for removing land and groundwater use controls.

4.2 PLUME CONTAINMENT
4.2.1 Potential Applications

There are several situations where the plume containment strategy may result in the
most cost-effective site remediation and closure process. In general, this strategy will be
most useful on active installations where long-term institutional controls are under Air
Force jurisdiction. This strategy also lends itself to spill sites with historical data that
indicates that the groundwater plume is stable or decreasing in concentrations. This

combination of long-term Air Force control and plume stability provide an appropriate
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setting for implementing a plume containment strategy. Other situations that may lend

themsel ves to this approach include:

Inaccessible Source Sites - Source areas can become inaccessible due to leaks
occurring below the historic low water level or due to rising regional water tables which
create a submerged layer of free product. Both of these situations create a continuous,
long-term source of BTEX compounds. The options for removing submerged free
product are limited, expensive, and largely ineffective. Source areas beneath large
buildings and active aircraft aprons are also difficult to remediate due to the high cost and

risk of installing horizontal extraction and bioventing wells.

Sites With Continuing Small Leaks - Despite significant Air Force progress in the
area of spill prevention and detection, small fuel leaks (and human errors) will continue to
occur in large fueling facilities. Because all soil and groundwater environments have the
capability to biodegrade a certain mass of petroleum products each day, plume
containment strategies may represent the most realistic approach for managing the risk at
large active fueling facilities. Several states, have recognized the value of natural “ mixing
zones” to biologically degrade hydrocarbons and contain areas of contaminated
groundwater. Regular monitoring of the “mixing zone” is required to ensure that fuel
leaks do not overwhelm the natural biodegradation capacity of the aquifer. (Note: This
approach does not relieve the base from the responsibility of mandated leak testing

programs)

4.2.2 Demonstrating Plume Stability or Limited Migration

The plume containment strategy can only be implemented at sites where historical data

indicate that the plume is relatively stable or very limited in its downgradient migration.
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Plume stability can be demonstrated when the following five criteria are satisfied:
1. Thedirection and approximate velocity of groundwater flow is known.
2. The plumeis defined by a minimum of four wells (see Figure 4.1)

3. Historical contaminant data (generally at least three years) indicates little or no

forward migration of the plume.

4. The concentrations of contaminants throughout the plume, including the source

area, are relatively stable or decreasing.

5. There is no downgradient pumping activity planned which will accelerate the

plume velocity.

Table 4.1 illustrates a set of historical data for the KC-135 Crash Site at Wurtsmith
AFB, MI. This plume is considered stable because the last three annual sampling events
have shown that BTEX concentrations in the center and at the leading edge of the plume
have remained stable or decreased. Some variations in the source area concentrations of
BTEX are to be expected and do not indicate an unstable plume. Other data such as
geochemical data (dissolved oxygen, nitrate, sulfate, ferrous iron, methane, etc.) are useful
for demonstrating that plume stability is the result of active biological destruction within
the plume, however, this data is not always required to demonstrate plume stability. A
professional hydrogeologist may be required if you are uncertain of plume stability or if
the timeframe for plume management becomes an issue. Simple analytical flow models
such as BIOSCREEN are recommended if regulatory agencies require an estimate of the
timeframe required before institutional controls can be removed. Appendix C provides

additional guidance on collecting geochemical evidence and fate and transport modeling.
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Table4.1 Historical BTEX Concentrations
K C-135 Crash Site, Wurtsmith AFB, M1

(Hg'L)
Well 1992 1994 1995
Source Area 15,000 5,124 3,410
Plume 1,900 122 58
Plume 1,500 1,364 388
Leading Edge 28 <2 <2
Sentry Well <2 <2 <2

4.2.3 Institutional Controlsfor Groundwater

An equally important element of the plume containment strategy are the institutional
controls that must be in place to ensure that humans do not contact contaminated
groundwater. Two types of institutional controls are commonly used to prevent contact
with groundwater. Excavation restrictions can be enforced on active Air Force
installations through the dig permit program. Each base should maintain a current map of
soil and groundwater contaminated areas on the base. Digging in contaminated areas
should only be allowed if personnel have the proper protective clothing to prevent direct
contact with soil and groundwater and have respiratory protection to prevent vapor
inhalation. The second control is a restriction on the pumping of groundwater from the
contaminated aquifer. This pumping restriction would not apply to deeper aquifers which
are hydraulically isolated from shallow contaminated aquifers. This restriction can also be
enforced through the digging permit program or through agencies issuing local drilling

permits.

On BRAC instalations, these excavation and drilling restrictions would need to be
included in deed restrictions which are legally binding upon the new land owner. Because
of the difficulty in enforcing long-term deed restrictions (and preventing dermal contact)
the plume containment approach is not recommended for BRAC sites with shallow
groundwater contamination (<15 feet to groundwater). For sites where groundwater is
not encountered in the first 15 feet, there is little chance of direct contact with
groundwater and only well drilling restrictions would be required.

4-5
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4.2.4 Establishing a Plume Containment Monitoring Strategy
4.2.4.1 L ocating Point-of-Action Wells

A point-of-action (POA) well is any monitoring well which is located outside of the
existing plume which is periodically monitored to ensure that contaminants are not
migrating beyond the stable plume boundary. These wells should be screened over the
same depth interval asthe plume. At sites with a well-defined groundwater flow direction,
two or three POA wells should be located downgradient of the plume. At sites with
undefined or shifting groundwater flow directions, additional POA wells may be required
to surround the plume. If historical data indicates that the plume is stable or receding, the
well at the leading edge of the plume can be used as a POA well. A second well should be
located downgradient at a distance which represents two to three years travel time for the
groundwater based on the average groundwater velocity. Figure 4.1 illustrates the siting
of two POA wells for asmall plume with awell-defined flow direction.

FIGURE 4.1
MINIMUM MONITORING WELL LAYOUT FOR PETROLEUM CONTAMINATED SITES
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Avoiding Point-of-Compliance Wells - Point-of-Compliance (POC) wells differ fro
POA wells in their regulatory intent. The migration of contaminants to a POC well
concentrations above some threshold has immediate regulatory significance and signal
non-compliance. In contrast, the unexpected migration of contamination to a POA well
signals the need for additional study or sampling at the site which may lead to a mor
aggressive remediation approach, the installation of another downgradient well, or mor
frequent monitoring. Because of this significant difference, the term “Point-of
Compliance” well should be reserved for those sites where the continued migration of the
plume is likely and will result in off-base contamination or an imminent threat to|a
downgradient receptor such as surface water discharge of entering a production well used
for drinking water. Hence the term POC well is not recommended for sites where the
plume containment approach is implemented.

4.2.4.2 Monitoring Frequency

One of the primary objectives of any plume containment strategy should be to minimize
the frequency of long-term monitoring. While some states may allow a site to be closed
without long-term monitoring, most regul atory agencies and most base officials would like
some assurance that the plume is shrinking and that it will eventually be reduced to levels
that will no longer require institutional controls. Biannual monitoring is recommended for
sites that have at least three years of historical data indicating a stable or shrinking plume.
Annual monitoring is recommended for sites which lack historical data or for plumes that
could still be migrating. Annual monitoring is also recommended for sites where small
fuel leaks may still be occurring. It isimportant that monitoring events occur at the same
month (30-day interval) each year to minimize seasonal differences. Some states may
require that an annual monitoring report be submitted, or at a minimum, kept in an official

sitefile.

4.3 REMEDIATING PLUMESTO CLEANUP GOALS
4.3.1 Potential Applications

Plume remediation to some cleanup goal is a more traditional approach for reducing
and eventually eliminating the risks associated with petroleum-contaminated groundwater.
Unfortunately, most of the early attempts to attain conservative residential cleanup goals

have failed because of a general ignorance of the fate and transport mechanisms that limit
4-7
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the rate at which any contaminant is released from the source into the groundwater. At
many sites with significant gasoline or JP-4 contamination, the reduction of benzene to a
residential cleanup goa of 1 to 5 ppb will require decades of engineered remediation.
Only when more realistic risk-based cleanup goals are established can these sites achieve
risk protection at a reasonable cost. Section 2.3 and Appendix D describe the process for
establishing more realistic risk-based cleanup goals.

Several types of sites can be effectively remediated using risk-based cleanup goals. Some

of the most common applications of this approach include:

Sites where contaminants have naturally attenuated to levels that are near generic
industrial or residential standards. In most states, these sites can be easily closed

using No Further Action documents.

Sites where the source of contamination is limited or easily accessible.  On these
sites it is reasonable for bioventing or some other cost-effective technology to
significantly reduce the source so that both soil and groundwater contamination can
be quickly reduced to risk-based cleanup goals.

Sites where future land use is more difficult to control such as prime construction
sites on active or BRAC installations. On these sites it may be advantageous to
rapidly achieve risk-based cleanup goals that will allow excavation or unrestricted
land use. Regulatory officials are a'so more likely to grant site closures to sites that

have attained a risk-based cleanup level that is appropriate for the intended land use.

Even on small sites with stable plumes (plume containment candidates) the cost of
long-term monitoring can be reduced, particularly if the expected endpoint is
residential cleanup criteria. By establishing a generic industrial or site-specific clean
up goal, the time to achieve that goal will generally be much less than the time to

achieveresidential criteria
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4.3.2 Using Natural Attenuation to Achieve Risk-Based Cleanup Goals

Once a set of readlistic risk-based cleanup goals has been established for the site (review
Section 2.3 and Appendix D), the timeframe required for natura attenuation alone to
achieve these goals should be estimated. In some cases historical monitoring data can be
used to estimate an overall rate of contaminant reduction and the time required to reach a
risk-based cleanup goal. However, a model will be required to separate the potentia
effects of dilution and adsorption from biodegradation. Simple analytical models such as
BIOSCREEN or more complex numerical models such asBIOPLUME can be used to
estimate the rate of contaminant mass biodegradation in the plume. Appendix C provides
a summary of these models and describes the input data that is required to use them. The
Technical Protocol for Implementing Intrinsic Remediation with Long-term Monitoring
for Natural Attenuation of Fuel Contamination Dissolved in Groundwater provides more
in-depth guidance for the professional engineer or hydrogeologist. Once the timeframe to

achieve remediation is known, two questions should be asked:
Is the timeframe reasonabl e given future land use requirements?

What is the long-term monitoring cost to achieve cleanup using only natural

attenuation?

If the timeframe is not consistent with future land use (future construction site, future
residential area), or if the cost to monitor the site to risk-based clean up goals is too high,
the site manager should next determine if engineered source reduction could significantly

cut the time or cost to achieve cleanup goals.

4.3.3 Combining Natural Attenuation and Engineered Remediation

Section 3 described several circumstances where engineered remediation may be
required on a petroleum-contaminated site. In addition to reducing the potential risk
posed by contaminated soils and soil vapor, engineered remediation can be used to reduce
the mass of contaminants entering the groundwater. This reduction in leaching potential
can reduce the time required for natural attenuation processes and the cost of long-term

4-9
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monitoring and site management. An example of this would be the installation of a
bioventing system to reduce the source of BTEX entering the groundwater. This strategy

was used at the former Carswell AFB fuel storage facility to reduce monitoring
requirements by at least four years (see Appendix A Case Study).

Several technologies are particularly effective for enhancing natural attenuation
processes. Bioventing enhances the natural attenuation of fuel residuals in the soil by
supplying oxygen to soil microbes to stimulate aerobic biodegradation. SVE is very
effective at reducing BTEX concentrations in permeable soils. Bioslurping combines free
product recovery, SVE and bioventing and is particularly effective at reducing fuel
residuals in the capillary fringe. All of these technologies will reduce the mass of BETX
and other contaminants dissolving into the groundwater. By decreasing the rate of
dissolution, the natural assimilative capacity of the aquifer will more rapidly biodegrade
contaminants to risk-based cleanup levels. The positive impact of BTEX reduction can be
quantified by adjusting the leaching term in theBIOSCREEN or BIOPLUME III models,
and then comparing the predicted timeframe for attaining risk-based cleanup goals with
the “natural attenuation only” alternative. Bioventing or SVE has generally reduced the
remediation timeframe by 30 to 40 percent and proportionately decreased monitoring and

Site management costs.

An alternate method of enhancing natural attenuation in groundwater is to artificialy
increase the supply of electron acceptors (generaly oxygen). Although no engineered
technology has reliably remediated saturated zone contamination, technologies such as air
sparging have shown some ability to volatilize BTEX and to increase dissolved oxygen in
sandy aquifers. Other technologies such as oxygen releasing chemicals (hydrogen
peroxide and magnesium peroxide) can increase dissolved oxygen in source areas, but are
very expensive, particularly for large sites. Technologies which increase dissolved oxygen
are most likely to be effective at sites with part-per-billion levels of dissolved BTEX and

sites where the natural rates of biodegradation are very slow (less than 0.1 percent per

day).
4-10
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4.4 ESTABLISHING A REMEDIATION MONITORING PLAN

The most important part of any site closure agreement is the remediation monitoring
plan. Once the regulatory agency has agreed to the method of closure that will be used,
they will want to know how you intend to verify that natural attenuation or engineered
remediation processes are reducing contaminant concentrations. Regulatory agencies will
also want some assurance that institutional controls will be enforced on the site. The
remediation monitoring plan should clearly address these issues and should provide a
framework for compliance with regulatory reporting requirements and for implementing

contingency actions if remediation efforts fall short of goals.

4.4.1 Primary Components of a Groundwater Monitoring Plan

The remediation monitoring plan should clearly describe:

What data will be gathered? - This should be limited to contaminants of concern,

groundwater elevations, and primary electron acceptors at the site.

Wher e data will be gathered? - Figure 4.1 illustrated a minimum four well monitoring
network that would be appropriate for small sites with an established gradient. Additional
wells will be required if the flow direction is known to change or if the plume is longer
than 100 feet. POA wells may also be required in deeper portions of the aquifer to verify

that vertical migration is not occurring.

How often will wells be sampled? - Annual sampling is recommended for sites with
unstable or potentially expanding plumes. More frequent sampling should only occur if
the groundwater velocity is high and downgradient receptors are at risk from undetected
migration. Biannual or less frequent monitoring is recommended for stable plumes where

fuel leaks are no longer a possibility.

How will the progress of site remediation be determined from this data? - For
small, relatively stable plumes this could be as simple as keeping a table (see Table 4.1) or

chart which illustrates the decreases in contaminant concentrations. For larger plumes that
4-11
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required initial modeling, plume migration and changes in concentrations can be checked
against initial model predictions and the model recalibrated with new data. If data such as
soil or soil gas samples have been collected as a part of soil remediation efforts, these
results can aso be factored into the leaching calculations that were used to estimate the
timeframe required to achieve risk-based cleanup goals.

How will institutional controls be verified? - It is important that the site manager
communicate with civil engineering and other organizations who have the authority to
approve new construction and utility repair projects. An updated map of all fuel
contaminated sites requiring excavation restrictions or drilling restrictions should be
provided to these individuals. If excavation must take place in a contaminated area,
workers must be protected from direct contact with contamination and from inhalation
hazards. The site manager should make regular visits to all sites (even natural attenuation

sites) to ensure that no exposure pathways are compl eted.

What actions will be taken if site remediation does not proceed as planned? - A
significant increase in source area contaminant concentrations, migration of contaminants
to a POA well, or new land use requirements are all events that signal a need to reevaluate
the site remediation plan. Contingency actions should be commensurate with the risk of
remediation failure. For example, thereis little risk from an increase in contamination in a
POA well if the site is in the middle of the base and is covered with concrete. The
appropriate contingency action in this case could be as simple as increasing monitoring
frequency to confirm a trend. In contrast, if a site is scheduled for transfer to a private
developer in two years and source area concentrations increase by an order of magnitude,
an immediate switch from natural attenuation to more aggressive bioventing/biosparging

approach may be warranted.
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4.4.2 Optimizing Long-Term Monitoring Plans

The purpose of this section is to assist site managers in evaluating and optimizing
existing groundwater monitoring plans. There are three primary optimization

opportunities on most sites.

Reducing the number of monitoring wells to only those wells which are critical for

plume evaluation.

Reducing the frequency of sampling to match the anticipated rate of contaminant

migration or change in concentration.
Selecting only those analytes which are required to monitor remediation progress.

Due to inefficiencies in the site investigation process, most sites have more wells
available than are needed to monitor remediation progress. Many of these wells are cross-
gradient or too far downgradient to be useful in an optimized monitoring network. At a
minimum, each plume should have one upgradient well to monitor for potential
contaminant migration into the site, one source area well to monitor how the strength of
the source is changing, one well at or near the leading edge of the plume and a POA well
that is downgradient of the plume to monitor plume stability or migration. Figure 4.2
illustrates an example monitoring network for a larger plume and how this might vary
from a smaller plume. Please refer to TheTechnical Protocol for Implementing Intrinsic
Remediation with Long-term Monitoring for Natural Attenuation of Fuel Contamination
Dissolved in Groundwater for recommendations on the location of more sensitive point-

of-compliance wells.
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FIGURE 4.2.
TYPICAL MONITORING WELL LAYOUT FOR LARGE PLUMES
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The greatest potential savings in the long-term monitoring program can be gained by
selecting the proper frequency for sampling. Far too many sites are subjected to quarterly
monitoring requirements without any justification. The frequency of sampling should be
matched to the estimated groundwater velocity, the rate of biodegradation, and most
importantly the risk of plume migration. For example, a fuel-contaminated plume that is
located in a low-permeability formation with a groundwater velocity of 5 ft/year will not
require annual monitoring if the nearest POA well is 100 feet downgradient of the leading
edge. In contrast, a highly contaminated plume that is located 100 feet from the base
boundary may require semi-annual monitoring even if the groundwater velocity is 5
ft/year. Professional judgment is certainly required for each site, but as arule, the AFCEE

recommends annual monitoring as a baseline from which to deviate.

Once a list of contaminants of concern have been identified for remediation to risk-
based cleanup criteria, future sampling and analysis should focus on this list of
contaminants. For gasoline or jet fuel contamination, analysis by EPA Method 8260 or
Method 8021B will generally be sufficient to detect all contaminants of concern. For
diesel fuel spills, EPA Method 8270 may be required for semi-volatile contaminants of

concern. Site managers should resist additional types of analysis unless other contaminant
4-14
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groups are suspected and were not ruled out during the initial site investigation. In
addition to contaminants of concern, sampling for primary biological electron acceptors
such as oxygen, nitrate, sulfate and byproducts such as ferrous iron and methane can be
completed. These analyses are considered optional for stable plumes but are
recommended for plumes that are still migrating. Finally, groundwater elevations should
be determined during each event to ensure that initial assumptions concerning flow

direction and vel ocity can be verified.
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SECTION 5
DOCUMENTATION

The purpose of this section is to provide RPMs with practical guidance on completing
the documentation that will be required to present a risk-based closure to the regulatory
community and the public in general. Suggestions for how to improve the quality of
regulatory interactions are provided in this section, along with methods for educating the
public on the subject of risk and risk-based remediation. A successful project begins with
a well-developed work plan that outlines the entire remedial approach and sets forth the
objectives of a risk-based closure. Once site data are collected and analyzed, and a risk-
based remediation approach is formulated for a site, the findings must be organized and
presented in a format that is acceptable to the regulators and that clearly communicates
the risk evaluation process and recommended remediation approach. Annotated outlines
for successful work plans and remedial action plans are provided in this section. The
section also provides suggestions on how to develop and present an effective briefing to

summarize arisk-based remedial decision.

5.1 GAINING REGULATORY ACCEPTANCE

Before a risk-based remediation project is initiated, it is essential that the proper
regulatory framework has been established (see Appendix F) and the responsible
regulatory officials have been informed of your intentions. State risk-based UST
programs should govern cleanup and closure of fuel release sites whenever possible. Sites
that are currently under RCRA or CERCLA jurisdiction should be reevaluated to see if
they can be shifted to a more flexible state UST program. Regulatory acceptance will
always depend upon the existing level of trust and respect that exists between the base and
the agency. In addition, the following actions are helpful in building regulatory

acceptance:
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Base environmental managers and contractors who are well-versed in local risk-

based regulations/guidance as well as the contents of this handbook.

Informal discussions about the site and a potential risk-based closure.

A project initiation briefing which includes several key regulatory officias. The
Base environmental managers and the remediation contractor should work together
to prepare a 30-minute informational briefing that provides an overview of the Air
Force risk-based approach (tailored to local regulations), describes the site, presents
a conceptual site model, plans for collecting natural attenuation and other data, and

a schedule for the work plan and eventual corrective action plan.

Following the briefing, informal regulatory input should be sought to help focus the
work plan on issues of interest to the state or USEPA. A key issue is the regulatory
agencies’ position on the current and future land use designation (industrial vs. a
potential residential scenario). Reaching an agreement that the site is and will

remain an industrial area will often streamline the risk evaluation process.

Regular communication throughout the duration of the project.

5.2 PREPARING A WORK PLAN

Several of the key technical aspects of work plan preparation are discussed in Appendix
B.5. The purpose of this subsection is to provide an annotated outline of an example risk-
based corrective action work plan. This is a comprehensive outline that can be
abbreviated if significant site information already exists or if specific regulatory
requirements dictate a different organization. At large or complex/controversial sites, the
work plan may receive a complete regulatory review. At smaller (low-risk) sites,
regulatory review of the work plan may not be necessary. Regardless of the level of
regulatory interest, the work plan must clearly communicate the intentions of the Air
Force to collect additional data and the intended use of the data in the risk-based process.
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ANNOTATED WORK PLAN OUTLINE FOR RISK-BASED REMEDIATION

Section 1 - I ntroduction

Sets forth the goals and objectives of the project and summarizes the scope of work

and the organization of the work plan.
Section 2 - Review of Available Site Data

Describes the site background (operating and compliance history), site
geology/hydrology, and the known source, nature, and extent of chemical contamination

for each environmental media.
Section 3 - Preliminary Conceptual Site M odel

Identifies contaminant sources, affected physical media, contaminant release
mechanisms/migration pathways, receptor exposure points, and potential human and
ecological receptors, based on available data. Identifies data gaps in the CSM. Describes
how fate and transport models will be used to determine how risk will be reduced over

time and distance from the source.
Section 4 - Proposed Sampling Activities

For each affected environmental medium, the data needs are identified and a sampling
strategy is outlined. The sampling strategy includes a discussion of where samples will be
collected, what they will be analyzed for, the data quality objectives and intended use of
the data, and the scope of the quality assurance requirements. If thereis a potential need

for source remediation, this section also includes a discussion of pilot testing procedures.
Section 5 - Remedial Option Evaluation Process

This section provides a preview of how the site data will be used in the risk evaluation
process and how plume stability, institutional controls, and risk-based cleanup criteria will

be factored into the devel opment of remedial alternatives for the site.
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Section 6 - Proposed Project Schedule

Identifies key milestones, including draft and final deliverable completion dates, Air

Force and regulatory review periods, and future presentations of results.
Section 7 - References
Appendix A: Site Sampling and Analysis Plan
Appendix B: Health and Safety Plan

Appendix C: Quality Assurance Project Plan (If the project is not covered under an
umbrella QAPP.)

5.3 REGULATORY PARTICIPATION IN RISK EVALUATION

As field data are validated and tabularized, an initial list of detected contaminants
should be developed, and the CSM should be updated to eliminate receptor exposure
pathways that are incomplete. A brief meeting with the regulatory official responsible for
risk evaluations may be beneficial at this point. The revised CSM can be discussed with
the goal of reaching an agreement as to which pathways and potential receptors should be
evaluated. Initial results from the natural attenuation study including evidence of plume
stability are also of interest. Thislevel of informal interaction will lead to a successful and
acceptable risk evaluation, which will form the basis for the risk-based management or
remedial approach that can best accomplish those goals.

5.4 PREPARING A NO FURTHER ACTION CLOSURE DOCUMENT

A no further action closure document can be prepared for sites where contaminant
levels are already below generic risk-based cleanup criteria or sites where no pathways
exist to potential receptors and the state is willing to grant closure based on evidence of
plume stability and adequate institutional controls. Many states have simplified the closure
process by developing standardized forms that are completed by the site manager and
submitted for regulatory review and approval. Other states require a brief report on site

conditions and monitoring data which indicates either plume stability or compliance with
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risk-based cleanup goals. Regardless of the format, the content of these documents is
generally spelled out in regulatory guidance. Key components of maost no further action

documents include:
A brief site description including the nature of the petroleum spill
A site map which clearly describes existing land use and surface features

A map showing the location of soil and groundwater samples, monitoring wells and

groundwater elevation contours

A table or graph illustrating plume stability or comparing maximum contaminant

values to risk-based cleanup criteria

A discussion of institutional controls and how they will be maintained if
contaminants still exceed risk-based cleanup goals.

5.5 PREPARING THE REMEDIAL ACTION PLAN

For sites which do not qualify for immediate closure, some form of remedial action plan
will be required to describe the actions that will be taken to eventually achieve site closure.
This subsection provides an annotated document outline that has been used to gain
regulatory approval of risk-based site closure agreements at severa AFCEE
demonstration sites. The same general outline has been used to satisfy the requirements
for remedia action plans (RAPs), corrective action plans (CAPs) and engineering
evaluation/cost analysis (EE/CA) reports. Minor modifications will be required to satisfy
USEPA or state-specific requirements, but the essential elements of most reports will be
satisfied by this outline.

ANNOTATED OUTLINE OF A RISK-BASED CORRECTIVE ACTION
SUMMARY DOCUMENT

Executive Summary

Provides a concise overview of the scope, objectives, methods, and major findings of

the report.
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Section 1 - I ntroduction

Includes a summary of the purpose and scope of the project, an overview of the risk-
based approach to remediation as applied at the subject site, and a description of the
report organization. The site background is reviewed, including the history of site

operations and a summary of past investigations and remedial actions (if any).
Section 2- Site Char acterization Activities

Describes the scope of data collection activities (number, types, and locations of
samples) and a brief review of the sampling procedures used to investigate each

environmental medium.
Section 3 - Physical Characteristics of the Site

Presents a complete summary of the regional and site geology, hydrogeology, and
surface hydrology; current and future land and groundwater uses, and the general

ecological environment near the site. Describes potential receptors and exposure points.
Section 4 - Contaminant Char acterization

Uses tables and site maps to summarize the location and concentrations of detected
contaminants in all environmental media including soil gas and soil gas flux test results.
Compares the contaminants in each medium to generic risk-based cleanup goals to create

alist of potential contaminants of concern for each affected medium.
Section 5 - Quantitative Chemical Fate Assessment

Describes each of the fate and transport mechanisms that are operating to reduce the
concentrations of contaminants. Simple, conservative models are first used to determine
what pathways could potentially produce contaminant concentrations above generic
screening levels and estimate the time frame for attaining these conservative cleanup
criteria.  In some cases, these models show that no receptor exposure pathways can

reasonably be completed at the site. In these cases, an No Further Action decision can be
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supported. In many cases, current exposure concentrations exceed risk-based criteria but
are expected to decrease due to natural attenuation alone. In this case, the document will
proceed to Section 8. If contaminant concentrations greatly exceed generic screening

levels and a Tier 2 risk evaluation is recommended, the document proceeds to Section 6.
Section 6 - Tier 2 Focused Risk Assessment (As Appropriate)

Presents the development and justification for less conservative risk-based cleanup
levels based on site-specific receptor exposure scenarios (Guidance provided in Appendix
D). The goal of this section is to provide the regulatory agency with a set of risk-based
cleanup goals that are both conservative and realistic given current and future land uses at

and downgradient from the site.
Section 7 - Pilot Testing of Sour ce Reduction Technologies (Optional)

If pilot testing was completed during this or previous investigations, the results are
presented in this section. Emphasis should be given to how effectively the technology has

or should reduce concentrations based on the test results.
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Section 8 - Compar ative Analysis of Remedial Alternatives

This section describes several (two or three) remediation alternatives that can achieve
risk-based cleanup goals. The alternatives are evaluated based on effectiveness, technical
and administrative implementability, and present-worth cost following standard CERCLA
feasibility study or RCRA corrective measures study guidance. Natural attenuation, long-
term monitoring, and administrative land/groundwater use controls should always be
developed as Alternative 1. Other alternatives can use source reduction technologies to
enhance natural attenuation and to reduce the long-term monitoring timeframe. The low
cost of natural attenuation is generally compared to the reduced time-to-compliance of

alternatives using more active remediation methods.
Section 9 - I mplementation of Recommended Remedial Action

Describes the full scope of the recommended remedial action, including a conceptual
design of any full-scale source reduction technology, a long-term monitoring plan, and

schedule for completing each aspect of the site closure.
Section 10 - References
Example of Appendices (will vary based on site complexity)
Appendix A - Analytical Results
Appendix B - Boring Logs, Well Construction Diagrams, Well Survey
Appendix C - Aquifer Test Data, Flow Calculations
Appendix D - Fate and Transport Model Calculations
Appendix E - Risk Assessment Calculations and Assumptions
Appendix F - Initial Screening of Remedial Technologies
Appendix G - Site Specific Sampling and Analysis Plan
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5.5 EFFECTIVE PRESENTATIONS

Because risk-based corrective actions are completed in an iterative process, there is no
substitute for good communications, including face to face meetings with regulators, at
key decision points in the process. Based on recent experiences at 12 AFCEE risk-based
remediation demonstration sites, several suggestions are offered to help improve the

general effectiveness of presentations to the regulatory community and general public:

Plan for a minimum of two face to face meetings, one to describe the risk-based
approach for this specific site (a review of the work plan) and a second to describe
the recommended remedial approach based on the risk evaluation. More complex

sites may require progress meetings as described in Section 5.3.

Know your audience; their technical strengths and weaknesses, and their sensitivities
and priorities If your regulatory contact is lacking in experience, a major portion of
the presentation should focus on educating them on the Air Force remediation
strategy. Presenting a simple case study of a completed risk-based closure can assist

in this process.

Use simple and professionally prepared graphics. There is no substitute for a good
picture to illustrate a conceptual site model or to compare BTEX concentrations and
dissolved oxygen utilization on a site map. For most audiences, a “picture is worth
a 1000 words’.

Try to stay away from unfamiliar acronyms and terminology. This requires a
concerted effort because the risk evaluation process is noted for having its own

language and code words.

Make sure that your presentation stresses that these are Air Force
“recommendations” and that your actions are “proposed”’. Regulators need to get a

clear message that they are included in the decision making process.

Leave time at the end of the meeting for questions. Encourage the audience to write

down their questions and try to resolve as many questions as possible at the
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meeting. Make sure you have someone in the room who was involved in the field

work and risk evaluation as most questions seem to fall into these two categories.

Always provide a set of meeting minutes to the participants within a week of the

meeting, including alist of action items and who is responsible for resolution.

Finally, there is no substitute for preparation and practice. If a consultant will be
making the presentation for the Air Force, it is important to arrange a pre-brief so the Air
Force “team” understands the major conclusions and recommendations and is prepared to

answer predictable questions.
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APPENDIX A CASE STUDIES:

Case Study A
Site OT-45
Wurtsmith AFB, Michigan

Case Study B
KC-135 Crash Site
Wurtsmith AFB, Michigan

Case Study C
Site ST-27
Charleston AFB, SC

Case Study D
Site ST-14
Carswell AFB/NAS Fort Worth JRB



CASE STUDY A
SITE OT-45
WURTSMITH AFB, MICHIGAN



INTRODUCTION

Parsons Engineering Science, Inc. (Parsons ES) was retained by the United States Air
Force Center for Environmental Excellence (AFCEE) to prepare a remedia action plan
(RAP) in support of a risk-based remediation decision for soil and groundwater
contaminated with fuel oil hydrocarbons at Air Force Installation Restoration Program
(IRP) Site OT45 at Wurtsmith Air Force Base (AFB), Oscoda, Michigan (the Base). The
purpose of the RAP was to develop and describe a recommended remedia action to be
implemented at Site OT45 which met the requirements of the State of Michigan
Department of Environmental Quality (MDEQ).

As described in the main text of this handbook, risk-based remediation is designed to
combine natural physical, chemical, and biological processes with low-cost source
reduction technologies such as in situ bioventing, as necessary, to economically reduce
potential risks to human health and the environment posed by petroleum releases. The
RAP was prepared as part of a multi-site initiative sponsored by AFCEE to develop this
handbook on how best to implement risk-based corrective actions (RBCAS) at fuel-
contaminated sites.

REGULATORY FRAMEWORK

The MDEQ has adopted atiered, risk-based approach to the remediation of petroleum
hydrocarbon contaminated sites that is similar to the American Society for Testing and
Materials (ASTM) RBCA process and Air Force strategy. This approach alows for the
establishment of site-specific corrective action requirements based on an anaysis of
potential receptor exposures to chemical contamination at or migrating from the release
site. Both generic cleanup criteria (developed by the MDEQ) and site-specific chemical
fate and exposure data can be used to identify the most cost-effective remedial strategy
for aparticular site.

The first level of evaluation in the MDEQ'’s approach is a Tier 1, or screening-level,
assessment where contaminant concentrations measured in site media are compared to
MDEQ-defined, nonsite-specific target concentration goals, which are based on land use
and conservative exposure assumptions. These concentration goals are also known as
risk-based screening levels (RBSLs). The MDEQ has defined three types of generic (i.e.,
non-site-specific) cleanup criteria based on current and foreseeable land use (MDEQ,
1995a and 1995b). Generic cleanup criteria have been defined for unrestricted (i.e.,
residential), industrial, and commercial land use assumptions. Generic cleanup criteria
were developed by the MDEQ using standardized algorithms designed to be protective of
human health under each of the three land use scenarios. As presented in Section 3 of the
handbook, some states have developed their own screening criteria, making the
development of Tier 1 RBSLs unnecessary. The State of Michigan is a good example of
where the state regulatory agency has already defined Tier 1 RBSLs, making it easy and
very simple to perform a Tier 1 evaluation.

The generic cleanup criteria or RBSLs are used to identify which, if any, contaminants
and environmental medium, may warrant additional evaluation or remediation to protect
human receptors. If measured site concentrations do not exceed the applicable generic
cleanup criteria, no additional remedial action will be necessary other than maintaining
the land use in accordance with the exposure assumptions used to derive the generic
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cleanup goals. However, in the event that measured site concentrations exceed the
applicable generic cleanup criteria, additional corrective action or a more comprehensive
evaluation (i.e., Tier 2) must be pursued.

A Tier 2 evaluation is more comprehensive than a Tier 1 analysis because it requires
guantitative contaminant fate and transport calculations and possibly the development of
site-specific remediation goals or site-specific target levels (SSTLs) based on site-specific
exposure assumptions. The State of Michigan alows the development of SSTLs if
warranted. Refer to Section 3.2 of the handbook for further discussion on the
development of SSTLs. The quantitative Tier 2 chemical fate assessment can be used to
identify if any unacceptable exposures could occur at the site over time and whether
remediation to generic cleanup criteria is possible using different types of remedial
approaches. Although Tier 2 evaluations usually involve more rigorous analysis and may
require use of ingtitutional controls or engineering barriers to ensure that exposure
conditions do not change over time, they should result in a more focused remediation of
those contaminants that actually pose a risk to potential receptors. A Tier 2 evaluation
will result in the same level of health protection as a Tier 1, because remediation is
focused on those elements that pose arisk given site conditions.

SITE BACKGROUND
Operational History

Site OT45 is located in the northern portion of the Base, and is the site of a former
1,000-gallon heating fuel oil underground storage tank (UST). The UST was located
adjacent to Building 5608 in the Defense Reutilization and Marketing Office (DRMO)
complex. After the heating oil UST failed a Tracer Tight[l tank test, it was purged in
October 1991, and remained empty until it was removed in May 1992 (ICF, Inc., 1993).
Wurtsmith AFB was placed on the 1991 Department of Defense Base Closure and
Realignment Commission’s list for closure, and was officially closed on June 30, 1993.

Previous I nvestigations

Two groundwater monitoring wells (W-OT45 and E-OT45) were installed at each end
of the former UST location in 1992 when the UST was removed. Composite soil samples
were taken during this effort, and analyzed for benzene, toluene, ethylbenzene, and total
xylenes (BTEX) and polycyclic aromatic hydrocarbon (PAH) compounds. The only
compound detected was 4-nitroaniline, which was measured near the reported detection
limit (ICF, Inc., 1993 and 1994).

Site OT45 also was partially characterized during a 1992 remedial investigation (RI)
and a 1993 draft feasibility study (FS) under the Air Force Installation Restoration
Program (IRP) by ICF Technology, Inc. (ICF, Inc. 1993 and 1994). The FS concluded
that, although the approximate extent of soil contamination was determined, the
downgradient extent of the groundwater contaminant plume had not been adequately
defined. The FS document was completed in 1994.

Ethylbenzene, toluene, total xylenes, fluorene, naphthalene, and phenanthrene were the
only contaminants detected in soil samples collected as part of the 1992 RI. Site-related
contaminants were only detected in soil samples collected from the interval immediately
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above the water table (smear zone) during the 1992 RI. Ethylbenzene, phenanthrene,
naphthalene, and total xylenes were measured in soil samples collected from the smear
zone at concentrations that exceeded generic industrial leaching criteria (based on data
presented by ICF, Inc., 1993). These criteria were developed for industrial sites to
prevent adverse impacts to groundwater due to contaminant leaching.

Groundwater samples were collected from the five existing monitoring wells during
the RI. All collected samples were analyzed for BTEX, methyl tertiary butyl ether
(MTBE), and PAHs. Fluorene, naphthalene, phenanthrene, and the BTEX compounds
were the only contaminants detected in groundwater samples collected during the 1992
RI. Naphthalene and phenanthrene were the only compounds detected during the RI at
concentrations that exceeded generic cleanup criteria developed to protect onsite
industrial workers.

The FS concluded that natural attenuation of contaminants in impacted soils at Site
OT45 would be considered protective of human health and the environment, but that
measured concentrations of hazardous substances in the groundwater may present an
unacceptable threat to offsite receptors unless an active remediation technology, such as
groundwater extraction and treatment or biosparging, was implemented (ICF, Inc., 1993).
However, the closest receptors are located more than 1 mile downgradient from Site
OT45, and caculated risks to these receptors due to exposure to contaminated
groundwater were based on onsite sampling data. The RI baseline risk assessment (BRA)
for Site OT45 did not consider the effects of natural attenuation processes on
groundwater contaminant mass over time and distance. The RI and the FS reports both
stated that the likelihood that these offsite receptors would be exposed to hazardous
substances at hazardous concentrations was very small to virtualy negligible (ICF Inc.,
1993 and 1994).

DEFINING SITE CHARACTERIZATION DATA REQUIREMENTS

In order to make a credible and defensible RBCA decision for this site, an adequate
amount of suitable site characterization data must be collected. Sufficient data must be
collected to conduct a quantitative fate and transport analysis, perform an exposure
pathway analysis, and evaluate the potentia treatability of contaminated media using
low-cost remedial technologies and approaches. As part of the risk-based investigation at
Site OT45, emphasis was placed on filling data gaps identified during previous remedial
investigations and on collecting data relevant to documenting the in situ biodegradation
of fuel hydrocarbonsin soil and groundwater.

After a review of previoudly collected site data, data gaps and target analytes were
identified. Data gaps were determined by reviewing a preliminary conceptua site model
(CSM) (Section 4 of the handbook) to identify potential contaminant migration pathways
that had not previously been adequately quantified. Target analytes were identified based
on the chemical constituents of the known contaminant source, heating fuel oil, and the
results of previous sampling activities at the site. It was determined that additional soil
gas, soil gas flux, surface soil, subsurface soil, and groundwater samples were required to
adequately quantify potential contaminant migration pathways and associated risk at Site
OT45. Source reduction technology pilot testing, present and future land use, and
groundwater use data also were required to determine whether the engineered remediation
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recommended in the FS was warranted to provide the desired level of protection for
receptors that could reasonably be exposed to site-related contamination.

Based on the chemical composition of heating fuel oil, the BTEX compounds and the
PAHs naphthalene, fluorene, fluoranthene, and phenanthrene were identified as the target
analytes for all media Site OT45. It aso was determined that el ectron acceptor and other
groundwater geochemical data would be required to facilitate an evaluation of the natural
attenuation potential of dissolved hydrocarbon contamination.

SITE INVESTIGATION

Aninitia field investigation was conducted by Parsons ES at Site OT45 in September
through October 1994. The following sampling and testing activities were performed by
Parsons ES at Site OT45:

7 Collection of soil gas samples at 3 locations;
7 Collection of soil gas flux samples at 4 locations;

7 Drilling and installation of 8 new permanent groundwater monitoring wells, 2 soil
gas (vapor) monitoring points, 1 air injection bioventing test well, and 1
biosparging point;

7 Collection of 3 surface soil and 14 discrete subsurface soil samples from 12 new
soil boreholes for field screening and fixed-base analytical evaluation;

7 Collection of 14 groundwater samples for field and/or fixed-base analytical
evaluation;

7 Aquifer dlug testing at 5 groundwater monitoring wells;

7 Completion of an air permeability test and an oxygen influence test to assess the
effectiveness of bioventing at stimulating natural biodegradation of heating oil
hydrocarbons in unsaturated soil; and

7 Completion of initial testing at the biosparging point to define optimum operational
parameters in the event that a full-scale biosparging system is required to promote
rapid natural biodegradation of heating oil hydrocarbons in the saturated soils and
the shallow groundwater.

Figures A.1 and A.2 show all of the sampling locations at Site OT45. Table A.1 lists
the analytical method used for analysis of each media at Site OT45.

In addition to pilot test and analytical data, current and future land use information
was collected was collected during the site investigation at Site OT45 to allow
determination of what generic, land-use based, screening criteria would be appropriate as
aTier 1 evaluation tool for the site. Site OT45 has effectively been an unused property
since the heating oil UST was removed in May 1992. However, due to the site’s
proximity to other facilities in the northern part of the Base, the current land use at Site
OT45 could be conservatively classified as industrial.
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Wurtsmith AFB was placed on the 1991 Department of Defense Base Closure and
Realignment Commission’s list for closure. Wurtsmith AFB was officially closed on
June 30, 1993. The Air Force plans to dispose of excess and surplus real property and
facilities as soon as environmental restoration is achieved, and pursuant to specific
federal property disposal regulations and local community reuse plans (US Air Force,
1993). Based on the approved final land reuse plan, Site OT45 is proposed to be reused
as a commercial property (i.e., dedicated to convention/tourist services) (US Air Force,
1993). The planned use of this site will result in unrestricted public access, but actual
occupancy will be nonresidential, intermittent in frequency and of a short duration. This
is important because the final risk-based strategy need only protect industrial receptors if
the contamination does not migrate appreciable distances over time.

Groundwater use information also was collected during the site investigation at Site
OT45. The water supply for Base facilities is currently derived from seven on-Base
groundwater wells drilled and installed within the shallow aquifer. Groundwater use
restrictions have been imposed on areas where shallow groundwater contamination exists
or is suspected to exist. The approved land reuse plan calls for replacing the on-Base
water supply system with local domestic water supply systems. As a result, there is no
need (or plan) to extract groundwater from the shallow aquifer at Site OT45 (or any area
on-Base) to meet future water supply demands. This is important because it will provide
the basis for securing approval of alternate target cleanup goals for groundwater at the
site.

TIER 1 SCREENING EVALUATION

After sufficient analytical data and other relevant site information were collected, a
Tier 1 screening evaluation was performed for Site OT45. According to the final land use
plan for Wurtsmith AFB, which was approved by the Oscoda Township Board of
Trustees, the expected future use of Site OT45 will be commercial (US Air Force, 1993).
MDEQ risk-based guidance specifies that industrial cleanups will generally apply at
“sites where the uses of the property are expected to be limited at the completion of the
remedial action” (MDEQ, 1995b). Industrial cleanup criteria are appropriate for sites
where the current and/or planned activities to be conducted onsite can be described as
commercial in nature. Generic industrial/commercial cleanup criteria developed by the
MDEQ were used as screening tools to identify which contaminants in soil and
groundwater at Site OT45 required further evaluation.

It also was determined that because of potential off-Base use of shallow groundwater,
generic residential criteria should be applied to groundwater at the Base boundary.
Generic residential criteria were used to determine which compounds would require
further fate and transport analysis to evaluate potential risks to dowgradient, off-Base
receptors. It is important to note that residential criteria do not need to be met onsite to
protect potential industrial/commercial workers.

Table A.2 presents a comparison of the maximum detected concentrations of soll
contaminants and the health-based generic industrial/commercial criteria. Table A.3
presents a comparison of the maximum detected concentrations of groundwater
contaminants and both generic industrial/commercial and residential criteria.
Exceedances of screening criteria are shaded on the tables. The generic
industrial/commercial soil leaching criteria were exceeded by 1,2,4-trimethylbenzene
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(TMB) and phenanthrene. These two compound were retained for streamlined evaluation
of the potential impact to groundwater underlying the source area at Site OT45.

No detected concentrations of groundwater contaminants at Site OT45 exceeded the
generic industrial/commercial groundwater screening criteria. However, three
compounds, 1,2,4-TMB, 1,3,5-TMB, and phenanthrene were detected in groundwater at
Site OT45 at concentrations above the generic residential screening criteria. Based on the
potential to impact off-Base receptors, these three compounds were retained for
streamlined evaluation and analysis.

Nature and Extent of Contaminants

Residual heating oil contamination in smear zone soil at the former UST location may
be acting as a limited, but continuing source of groundwater contamination at Site OT45.
COPCs in soil conservatively include phenanthrene and 1,2,4-TMB. Soil contamination
is limited to an area of approximately 50 feet in diameter around the former UST.
Average concentrations of phenanthrene appear to have decreased by an order of
magnitude between the 1992 RI (ICF, 1993) and the 1994 risk-based investigation (from
11,000 pg/kg to 565 pg/kg). The significant decrease observed in source area soil
concentrations of phenanthrene may be indicative of the positive effects of natural
attenuation processes. 1,2,4-TMB soil data were collected during the 1994 risk-based
investigation only.

The nature and extent of phenanthrene, 1,2,4-TMB, and 1,3,5-TMB in groundwater
was evaluated using previous site investigation data, data collected during the 1994 initial
risk-based site investigation, and data collected during an annual sampling event
performed at the site in 1995. This annual sampling event occurred after the risk-based
site investigation and was the first sampling event of a long-term monitoring plan that
was implemented as a recommendation of the draft RAP for Site OT45.

Dissolved concentrations of the three analytes detected above generic residential
criteria appear to be rapidly decreasing. Dissolved concentrations of both phenanthrene
and 1,3,5-TMB decreased to levels below generic residentia cleanup criteria between the
1994 risk-based investigation and the 1995 annual sampling event. As a result, 1,2,4-
TMB is the only remaining groundwater contaminant that may ever pose arisk to off-site
receptors. Additionally, concentrations of 1,2,4-TMB appear to have decreased by
approximately 40 percent between the 1994 and 1995 investigations. Concentrations of
1,2,4-TMB, 1,3,5-TMB and phenanthrene do not appear to have migrated more than 180
feet downgradient from the location of the former UST.

Streamlined Fate and Transport Analysis

A streamlined fate and transport analysis was performed as part of the Tier 1
evaluation to quantify the nature and extent of the two soil contaminants detected above
industrial/commercial leaching criteria and the three groundwater contaminants detected
above residential screening criteria at Site OT45. Analysis of the two soil contaminants
was performed to determine if concentrations of the contaminants in the soil could ever
generate leachate concentrations in exceedance of the generic industrial/commercial
groundwater cleanup criteria. Analysis aso was performed to determine if contaminants
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detected at the site in 1994 above the generic residential groundwater criteria could
migrate to the Base boundary at concentrations above the generic residential criteria.

L eaching from Soils

Phenanthrene and 1,24-TMB were measured in saturated soils in 1994 at
concentrations above the respective industrial/commercial soil leaching criteria (Table
A.2). However, concentrations of phenanthrene and 1,24-TMB measured in
groundwater during the 1994 sampling event suggest that the MDEQ’s formula for
calculating the generic soil leachate criteria may underestimate the allowable
concentrations of soil contaminants that are protective of underlying groundwater.
Maximum concentrations of both soil contaminants detected in groundwater samples
collected in 1994 were below generic industrial/commercial groundwater cleanup criteria
(Table A.3).

A more reasonable approximation of the desorption of phenanthrene and 1,2,4-TMB
from saturated soils into groundwater at Site OT45 was developed using a simple
equilibrium partitioning relationship. The most common equilibrium model used to
describe the amount of contaminant that will remain sorbed to the soil and the amount of
contaminant that will dissolve into groundwater is the distribution partition coefficient
(Ky). The linear distribution partition coefficient is calculated by multiplying the
chemical’s solubility in water normalized for total organic carbon conten) @ad the
fractional organic carbon conteng {fof the soil matrix.

Leaching from saturated soils into groundwater was simulated for Site OT45 using a
Kp-based equilibrium relationship that accounts for groundwater movement through the
affected soil over time. Uncontaminated groundwater flows into the contaminated
volume of saturated source soils at the linear velocity of the shallow aquifer.
Contaminants sorbed to the soil matrix would leach from the soil into the uncontaminated
groundwater, which would then flow from the downgradient edge of the contaminated
source soils. The amount of contaminant that would leach from the source soils into each
new volume of uncontaminated groundwater depends upon the residual concentration of
contaminant in the soil and the chemical-specific K

These calculations were calibrated by matching maximum 1992 soil concentrations of
phenanthrene (sorbed mass) to maximum 1992 groundwater concentrations of
phenanthrene (dissolved mass). The amount of contaminant that was predicted to have
partitioned from the soil and dissolved into groundwater was in good agreement with
1992 groundwater analytical results. This simple relationship was then used to predict
the amount of phenanthrene that should have been measured in soil and groundwater
during the 1994 and 1995 sampling events (i.e., 690 and 1040 days from the 1992
sampling event). Changes in 1,2,4-TMB groundwater concentrations measured as part of
the 1994 and 1995 sampling events were used to verify the reasonableness of this
calculation. The predicted concentrations of phenanthrene and 1,2,4-TMB were in good
agreement with the maximum concentrations measured in groundwater in 1994 and 1995.

These calculations indicate that both soil COPCs should have been reduced below the

generic industrial/commercial soil leaching criterion in late 1994 or early 1995. A
limited soil sampling compliance event has been recommended as a means of
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documenting that onsite residual soil contamination does not pose a threat to underlying
groundwater.

Transport in Groundwater

Two lines of evidence were developed to show that, although a few petroleum
hydrocarbon compounds detected in groundwater exceeded generic residential criteria at
Site OT45, none would migrate to the Base boundary in excess of the residential
screening criteria. - The first line of evidence is the decreasing concentrations of
compounds over time. Asshown in Table A.4, the concentrations of phenanthrene, 1,2,4-
TMB, and 1,3,5-TMB have been decreasing rapidly. Phenanthrene and 1,3,5-TMB were
not detected above the generic residential criteria during the 1995 annual sampling event,
and are no longer considered a risk to potential off-site receptors. This indicates that
1,2,4-TMB is now the only fuel hydrocarbon compound in groundwater at Site OT45 that
exceeds generic residentia criteria. Based on the contaminant decreases observed to
date, it is anticipated that 1,2,4-TMB will be attenuated to below the residential criteria
within 1 year. The rapid decrease of contaminant concentrations makes it unlikely that
contaminants will reach the base boundary at concentrations in excess of the residential
criteria

The second line of evidence of contaminant natural attenuation is the lack of
significant plume migration over time. Field data on groundwater velocity, the estimated
site-specific biodegradation rate for 1,2,4-TMB, and the estimated contaminant velocity
were used to calculate the distance that 1,2,4-TMB could be expected to travel before
biodegrading to below residential groundwater cleanup criteria. 1t was calculated that
concentrations of 1,2,4-TMB would only migrate an estimated additional 10 feet before
concentrations drop to below residential criteria. This indicates that 1,2,4-TMB does not
pose arisk to potential downgradient receptors.

RISK-BASED SITE CLOSURE

Given the current and planned uses, zoning, and access restrictions enforced at Site
OT45, no further action is required to protect human health and the environment. A one-
time compliance soil sampling event has been proposed to verify that concentrations of
soil COPCs have either dropped below the generic industrial/commercia soil leaching
criteria and/or do not pose a threat to underlying groundwater quality by causing elevated
dissolved concentrations.

Because no chemical has been detected in groundwater above the most restrictive
generic industrial/commercial groundwater criteria that is applicable to onsite media, no
additional groundwater sampling is necessary at Site OT45 to support a closure decision.
However, a limited groundwater sampling event has been recommended to provide
analytical datato verify that onsite chemicals are not migrating toward the Base boundary
at concentrations in excess of the generic residential groundwater cleanup criteria. This
sampling event will aso further prove that the conclusion of the FS (i.e, active
groundwater remediation is required) was too conservative and would lead to an increase
in cleanup cost with no apparent risk reduction benefit.
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Regulatory Approval

The draft final second edition of the RAP for the Risk-Based Remediation of Site
OT45 was issued to the MDEQ and Region V of the US Environmental Protection
Agency (USEPA) for fina review in April 1996. MDEQ and EPA approval of the RAP
was received in the summer of 1996. Two additional years of monitoring indicate that
natural attenuation has now reduced all contaminants of concern to levels which meet
industrial cleanup criteria.
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TABLEA.1
FIXED-BASE AND FIELD METHODSBY ANALYTE
SITE OT-45 WURTSMITH AFB, MICHIGAN

Analytical Field or

Anayte Matrix Method Fixed-Base
Total Extractable Hydrocarbons (TEH) Soil and Water  |M8015 Fixed-Base
Total Volatile Hydrocarbons Soil and Water  |M8015 Fixed-Base
Benzene Soil and Water | SW8020 Fixed-Base
Toluene Soil and Water | SW8020 Fixed-Base
Ethylbenzene Soil and Water  |SW8020 Fixed-Base
Xylene (Total) Soil and Water  |SW8020 Fixed-Base
1,2,3-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
1,2,4-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
1,3,5-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
2-Methylnaphthalene Soil and Water  |SW8270 Fixed-Base
Acenaphthene Soil and Water  |SW8270 Fixed-Base
Acenaphthylene Soil and Water |SW8270 Fixed-Base
Anthracene Soil and Water | SW8270 Fixed-Base
Benzo(a)anthracene Soil and Water | SW8270 Fixed-Base
Benzo(a)pyrene Soil and Water  |SW8270 Fixed-Base
Benzo(b)fluoranthene Soil and Water | SW8270 Fixed-Base
Benzo(g,h,i)perylene Soil and Water  |SW8270 Fixed-Base
Benzo(k)fluoranthene Soil and Water | SW8270 Fixed-Base
Chrysene Soil and Water  |SW8270 Fixed-Base
Dibenz(a,h)anthracene Soil and Water | SW8270 Fixed-Base
Dibenzofuran Soil and Water | SW8270 Fixed-Base
Fluoranthene Soil and Water | SW8270 Fixed-Base
Fluorene Soil and Water | SW8270 Fixed-Base
Indeno(1,2,3-cd)pyrene Soil and Water | SW8270 Fixed-Base
Naphthalene Soil and Water  |SW8270 Fixed-Base
Phenanthrene Soil and Water | SW8270 Fixed-Base
Pyrene Soil and Water  |SW8270 Fixed-Base
pH Sail SW9045 Fixed-Base
Total Organic Carbon Soil SW9060 Fixed-Base
Moisture, Percent Sail E160.3 Fixed-Base
Phosphorus, Total Orthophosphate (as P) Soil E300.0 Fixed-Base
Alkalinity, Total (as CaCOy) Soil E310.1 Fixed-Base
Nitrogen, Total Kjeldahl Soil E351.3 Fixed-Base
Iron Sail SW6010 Fixed-Base
Electrical Conductivity” Water FCOND Field
Dissolved Oxygerf Water FDO Field
pH? Water FPH Field
Redox Potential® Water FREDOX Field
Temperature‘"” Water FTEMP Field
Iron” Water H8008 Field
Nitrate” Water H8039 Field
Nitrite” Water H8040 Field
Sulfate” Water H8051 Field
Hydrogen Sulfide” Water H8131 Field
Iron, Ferroug” Water H8146 Field
Alkalinity, Total (as CaCOy)” Water H8221 Field
Carbon Dioxide” Water H8223 Field
Manganese” Water HMANG Field
Carbon Dioxide Water COU-02 Fixed-Base
Methane Water RSK175 Fixed-Base

@ Analyte measured with direct-reading field instruments.
o Analyte measured with Hach colorimetric field kit.
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TABLEA.2
SOIL CONTAMINANT

GENERIC COMMERCIAL/INDUSTRIAL CLEANUP CRITERIA EXCEEDANCES

REMEDIAL ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
SITE OT45, WURTSMITH AFB, MICHIGAN

Commercial 1994 Max. Conc. 1996 Max. Conc.
Maximum Maximum Subcategory 1V Industrial Commercial/Industrial Exceeds Exceeds
Detected 1996 Detected 1994 Direct Direct Soil Leaching Either Either
Analytes Concentration  Concentration Contact ¥ Contact? (20 Times GW Conc.)” Criteria Criteria Units
1,2,3-Trimethylbenzene 13 1,400 - - - - - ug/kg
1,2,4-Trimethylbenzene 2.7 2,200 8.50E+06 3.10E+06 1,720 Yes No ug/kg
1,3,5-Trimethylbenzene 2.3 1,300 6.40E+06 2.30E+06 1,300 No No ua’kg
2-Methylnaphthalene 110 7,000 - - - - - Ha/kg
Acenaphthene ND 380 1.00E+09 8.18E+08 76,000 No No Ha/kg
Benzo(a)anthracene ND 33 6.80E+05 2.10E+05 96 No No Ha/kg
Benzo(a)pyrene ND 34 6.80E+04 2.10E+04 59 No No ua’kg
Benzo(b)fluoranthene ND 57 6.80E+05 2.10E+05 96 No No Ha/kg
Benzo(g,h,i)perylene ND 30 5.40E+07 1.60E+07 1,500 No No Ha/kg
Benzo(k)fluoranthene ND 22 6.80E+06 2.10E+06 960 No No Ha/kg
Chrysene ND 41 6.80E+07 2.10E+07 9,600 No No Ha/kg
Dibenzofuran ND 110 - - - - - ug/kg
Ethylbenzene 0.6 160 2.00E+08 7.20E+07 1,480 No No Ha/kg
Fluoranthene ND 38 1.00E+09 5.40E+08 50,000 No No Ha/kg
Fluorene ND 550 1.00E+09 5.40E+08 50,000 No No Ha/kg
Indeno(1,2,3-cd)pyrene ND 32 6.80E+05 2.10E+05 96 No No ug/kg
Naphthalene 35 1,400 5.40E+08 1.60E+08 15,000 No No Ha/kg
Phenanthrene 21 1,600 5.40E+07 1.60E+07 1,500 Yes No Ha/kg
Pyrene 58 180 1.00E+09 3.40E+08 32,000 No No Ha/kg
Toluene 0.9 31 4.60E+08 1.60E+08 15,800 No No Ha/kg
Total xylenes 2.3 890 1.00E+09 1.00E+09 5,600 No No Hg/kg

Source: MDNR, 1995b.

¥ Heslth-protective value to protect workers from long-term, systemic
health effects from incidental ingestion and dermal absorption of chemicals
in soil.

Y Soil leachi ng criterion that is protective of underlying groundwater quality.
Appropriate value calculated as 20 times the industrial groundwater criterion
(Table 4.2).

“ Not available/not applicable.

KAWURT/OT45/TABLES XLS/Table A.2



TABLEA3
IDENTIFICATION OF GROUNDWATER
CONTAMINANT GENERIC CLEANUP CRITERIA EXCEEDANCES
REMEDIAL ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
SITE OT45 WURTSMITH AFB, MICHIGAN

Maximum Maximum Maximum State 1996 Max. Conc.
Detected Detected Detected Industrial/Commercial  Residential Drinking Exceeds
Concentration Concentration Concentration Health-Based Hedlth-Based  Aesthetic Water Any

Analytes 1996 1995 1994 Criterion ¥ Criterion Criteria”  Standards® Criteria Units
1,2,3-Trimethylbenzene 1 26 37 -4 - - - - ug/L
1,2,4-Trimethylbenzene 1 48 82 86 30 -- -- No pg/L
1,3,5-Trimethylbenzeneé 6 8.7 43 65 23 -- -- No ug/L
1,2,3,4-Tetramethybenzene NA 66 NA - - - - - ua/L
2-Methylnaphthalene NA NA 230 -- -- -- -- -- ug/L
Acenaphthene NA NA 19 3,800 1,300 -- -- No ua/L
Anthracene NA NA 5 21,000 7,300 - - No ua/L
Benzene ND 1.3 1.7 176 29.37 - 5 No g/l
Ethylbenzene 7 11 7.2 2086 730 74 700 No g/l
Fluorene NA NA 26 2,500 880 -- -- No ug/L
Naphthalene NA 130 150 750 260 -- -- No ua/L
Phenanthren® NA 6 70 75 26 - - No Hg/L
Toluene ND 1.8 4.3 4171 1,460 790 1,000 No ua/L
Total xylenes 2 21 23 41714 14,600 280 10,000 No ug/L

Source: MDNR, 1995b.

¥ Health-based values are designed to protect onsite workers whose drinking water is from an onsite groundwater source.

Y Aesthetic values designed to protect against adverse taste and odor impacts. This criterion must be met onsite ifrgsausethasean onsite
potable water source and the criterion is more restrictive than the health-based value.

¢ The state drinking water standard must be met onsite if groundwater is used as an onsite potable water source, ardlithmastandatrictive
than the health-based or aesthetic criteria.

¥ Not available/not applicable.

¢ 1994 concnetrations of 123-TMB and Phenanthrene exceed health-based criteria. However, more recent concentratiargarhthasésc
measured in 1995 were substantially below health-based criteria.

" value was calculated using the generic industrial cleanup criteria algorithm for groundwater ingestion.
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TABLEA.4

COMPARISON OF 1992, 1994, 1995 AND 1996
CONTAMINANT CONCENTRATIONS
RISK-BASED APPROACH TO REMEDIATION

SITE OT-45, WURTSMITH AFB, MICHIGAN

ANALYTICAL RESULTS
WELLS COMPOUND Oct-92 Oct-94 Oct-95 | Nov-96 | UNITS
MW2 Benzene 26 04U 0.4 5U po/L
Toluene 19 4U 18 5U po/L
Ethylbenzene ND 4U 10 5U po/L
Xylenes 180 4U 21 5U po/L
TOTAL BTEX 225 124U 328 5U po/L
1,3,5-Trimethylbenzene NA 4U 8.7 5U po/L
1,2,4-Trimethylbenzene NA 4U 48 5U po/L
1,2,3-Trimethylbenzene NA 4U 26 5U po/L
1,2,3,4-Tetramethylbenzene NA NA 66 NA po/L
Naphthalene 2200 150 130 NA po/L
Phenanthrene 1500 70 6J NA po/L
MW4 Benzene NA 04U 04U NS po/L
Toluene NA 4U 08U/b NS po/L
Ethylbenzene NA 4U 04U NS po/L
Xylenes NA 4U 04U NS po/L
TOTAL BTEX NA 124U 2.0U NS po/L
1,3,5-Trimethylbenzene NA 4U 04U NS po/L
1,2,4-Trimethylbenzene NA 4U 04U NS po/L
1,2,3-Trimethylbenzene NA 4U 0.8 NS po/L
1,2,3,4-Tetramethylbenzene NA NA 05U NS po/L
Naphthalene NA NS 05U NS po/L
Phenanthrene NA NS 05U NS po/L
MW5 Benzene NA 04U 04U NS po/L
Toluene NA 157 22U NS po/L
Ethylbenzene NA 6.3 5.0 NS po/L
Xylenes NA 23 11 NS po/L
TOTAL BTEX NA 30.8J 16.0 NS po/L
1,3,5-Trimethylbenzene NA 19 4.3 NS po/L
1,2,4-Trimethylbenzene NA 63 15 NS po/L
1,2,3-Trimethylbenzene NA 37 7.3 NS po/L
1,2,3,4-Tetramethylbenzene NA NA 13 NS po/L
Naphthalene NA 32 11.0 NS po/L
Phenanthrene NA 1J 05U NS po/L
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TABLE A.4 (Continued)
COMPARISON OF 1992, 1994, 1995 AND 1996
CONTAMINANT CONCENTRATIONS
RISK-BASED APPROACH TO REMEDIATION
SITE OT-45 WURTSMITH AFB, MICHIGAN

ANALYTICAL RESULTS

WELLS COMPOUND Oct-92 Oct-94 Oct-95 | Nov-96 | UNITS
MW7 Benzene NA 173 13 5U pg/L
Toluene NA 04J 04U 5U pg/L
Ethylbenzene NA 1J 11 7 pg/L
Xylenes NA 06J 1.2 2J Ho/L
TOTAL BTEX NA 373 135 9.0 pg/L
1,3,5-Trimethylbenzene NA 13J 5.4 6 pg/L
1,2,4-Trimethylbenzene NA 4U 1.8 1J Mo/l
1,2,3-Trimethylbenzene NA 4U 1.8 1J Mo/l
1,2,3,4-Tetramethylbenzene NA NA 26 NA Mo/l
Naphthalene NA 64 05U NA pg/L
Phenanthrene NA 10U 05U NA pg/L
MW10 (Benzene NA 04U 04U NS pg/L
Toluene NA 0.9J 04U NS pg/L
Ethylbenzene NA 4U 04U NS pg/L
Xylenes NA 4U 13 NS pg/L
TOTAL BTEX NA 09J 13 NS pg/L
1,3,5-Trimethylbenzene NA 4U 04U NS Mo/l
1,2,4-Trimethylbenzene NA 4U 04U NS Mo/l
1,2,3-Trimethylbenzene NA 4U 04U NS Mo/l
1,2,3,4-Tetramethylbenzene NA NA 05U NS Mo/l
Naphthalene NA 10U 05U NS Ho/L
Phenanthrene NA 10U 05U NS pg/L
MW11 |Benzene NA % 13° 13 NS Hg/L
Toluene NA 5U° | 04U NS Ho/L
Ethylbenzene NA 5U 04U NS pg/L
Xylenes NA 5U 04U NS pg/L
TOTAL BTEX NA 1J 1.3 NS pg/L
1,3,5-Trimethylbenzene NA 5U 05U NS pg/L
1,2,4-Trimethylbenzene NA 5U 05U NS Mo/l
1,2,3-Trimethylbenzene NA 5U 05U NS Mo/l
1,2,3,4-Tetramethylbenzene NA NA 43 NS pg/L
Naphthalene NA NS’ 1.0J NS Ho/L
Phenanthrene NA NS 05U NS pg/L
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TABLE A.4 (Continued)
COMPARISON OF 1992, 1994, 1995 AND 1996
CONTAMINANT CONCENTRATIONS
RISK-BASED APPROACH TO REMEDIATION
SITE OT-45 WURTSMITH AFB, MICHIGAN

ANALYTICAL RESULTS

WELLS COMPOUND Oct-92 Oct-94 Oct-95 | Nov-96 | UNITS

MPB Benzene NA 04U 04U NS pg/L
Toluene NA 4.3 04U NS pg/L
Ethylbenzene NA 267 0.6 NS pg/L

Xylenes NA 14 26 NS pg/L

TOTAL BTEX NA 2097 3.2 NS pg/L
1,3,5-Trimethylbenzene NA 17 04U NS Mo/l
1,2,4-Trimethylbenzene NA 36 15 NS Mo/l
1,2,3-Trimethylbenzene NA 25 1.3 NS Mo/l
1,2,3,4-Tetramethylbenzene NA NA 21 NS Mo/l
Naphthalene NA 9J 05U NS Ho/L
Phenanthrene NA 7J 05U NS pg/L

AVAUTAN Benzene ND 04U 04U NS pg/L
(W-0OT45) " [Toluene ND 15J 04U NS Ho/L
Ethylbenzene 22 7.2 0.8 NS pg/L

Xylenes 51 23 32 NS pg/L

TOTAL BTEX 53.2 3177 4.0 NS pg/L
1,3,5-Trimethylbenzene NA 43 2.4 NS Mo/l
1,2,4-Trimethylbenzene NA 82 6.4 NS Mo/l
1,2,3-Trimethylbenzene NA 36 2.3 NS Mo/l
1,2,3,4-Tetramethylbenzene NA NA 9.4 NS pg/L
Naphthalene 160 13 220 NS Ho/L
Phenanthrene ND 19 05U NS pg/L

¥ NA = Datanot available for comparison.
Y J = Estimated value.

U = Analyte not detected above method detection limit.
Y NS = Not sampled.
o Temporary sampling location used in the 1992 investigation.
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CASE STUDY B
KC-135 CRASH SITE
WURTSMITH AFB, MICHIGAN
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INTRODUCTION

Parsons Engineering Science, Inc. (Parsons ES) was retained by the United States
(US) Air Force Center for Environmental Excellence (AFCEE) to prepare a remedial
action plan (RAP) for the risk-based remediation of soil and groundwater contaminated
with JP-4 fuel hydrocarbons at the KC-135 Crash Site at Wurtsmith Air Force Base
(AFB), Oscoda, Michigan (the Base). The purpose of the RAP was to develop and
describe a recommended remedial action to be implemented at the KC-135 Crash Site
that met the requirements of the State of Michigan Department of Environmental Quality
(MDEQ).

As described in the main text of this handbook, risk-based remediation is designed to
combine natural physical, chemical, and biological processes with low-cost source
reduction technologies such as in situ bioventing, as necessary, to economically reduce
potential risks to human health and the environment posed by petroleum releases. The
RAP was prepared as part of a multi-site initiative sponsored by AFCEE to develop this
handbook on how best to implement risk-based corrective actions (RBCAS) at fuel-
contaminated sites.

REGULATORY FRAMEWORK

The MDEQ has adopted atiered, risk-based approach to the remediation of petroleum
hydrocarbon contaminated sites that is similar to the American Society for Testing and
Materials (ASTM) RBCA process and Air Force strategy. This approach alows for the
establishment of site-specific corrective action requirements based on an anaysis of
potential receptor exposures to chemical contamination at or migrating from the release
site. Generic cleanup criteria (developed by the MDEQ) and site-specific chemical fate
and receptor exposure data are used to identify the most cost-effective remedial approach.

The first level of evaluation in the MDEQ'’s approach is a Tier 1, or screening-level,
assessment where contaminant concentrations measured in site media are compared to
MDEQ-defined, non-site-specific target concentration goals, which are based on land use
and conservative exposure assumptions. These concentration goals are also known as
risk-based screening levels (RBSLs). The MDEQ (1995a and 1995b) has defined three
types of generic (i.e., non-site-specific) cleanup criteria based on current and foreseeable
land use. Generic cleanup criteria have been defined for unrestricted (i.e., residential),
industrial, and commercial land use assumptions. The generic cleanup criteria were
developed by the MDEQ using standardized algorithms designed to be protective of
human health under each of the three land use scenarios. As presented in Section 3 of the
handbook, some states have developed their own screening criteria, making the
development of Tier 1 RBSLs unnecessary. The State of Michigan is a good example of
where the state regulatory agency has already defined Tier 1 RBSLs, making it easy and
very simple to perform a Tier 1 evaluation.

The generic cleanup criteria or RBSLs are used to identify which, if any, contaminants
and environmental media may warrant additional evaluation or remediation to protect
human health and the environment. If measured site concentrations do not exceed the
applicable generic cleanup criteria, no additional remedial action will be necessary other
than maintaining the land use in accordance with the exposure assumptions used to derive
the generic cleanup goals. However, in the event that measured site concentrations
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exceed the applicable generic cleanup criteria a more comprehensive, (i.e., Tier 2)
evaluation may be pursued.

A Tier 2 evaluation is more comprehensive than a Tier 1 analysis because it requires
guantitative contaminant fate and transport calculations and possibly the development of
site-specific remediation goals or site-specific target levels (SSTLs) based on site-specific
exposure assumptions. The State of Michigan allows the development of SSTLs if
warranted. Refer to Section 3.2 of the handbook for further discussion on the
development of SSTLs. The quantitative Tier 2 chemical fate assessment can be used to
determine if any unacceptable exposures could occur at the site over time and whether
remediation to generic cleanup criteria is possible using different types of remedial
approaches. Although Tier 2 evaluations usually involve more rigorous analysis and may
require use of ingtitutional controls or engineered barriers to ensure that exposure
conditions do not change over time, they result in a more focused remediation of those
contaminants that actually pose a risk to potential receptors. A Tier 2 evaluation will
result in the same level of health protection asa Tier 1, because remediation is focused on
those elements that pose arisk given site conditions.

SITE BACKGROUND
Operational History

The KC-135 Crash Siteislocated in the western portion of Wurtsmith AFB in Oscoda,
Michigan. A KC-135 aircraft crashed at the site during an attempted landing in October
1988. Approximately 3,000 gallons of JP-4 jet fuel were in the fuel tanks at the time of
the crash. An unknown amount of fuel was consumed in the ensuing fire, and the
remainder percolated into the ground. Wurtsmith AFB was placed on the 1991
Department of Defense Base Closure and Realignment Commission’s list for closure.
The Base was officially closed on June 30, 1993.

Previous I nvestigations

The US Geological Survey (USGS) conducted an initial site investigation during
March 1989. The study included a soil gas survey and the installation of two
groundwater monitoring wells (Figure B.1). The soil gas survey indicated that soil and
groundwater immediately adjacent to and downgradient from the crash site were
contaminated with fuel hydrocarbons. Light nonaqueous-phase liquid (LNAPL) was
measured in both of the monitoring wells between April 1989 and June 1991. No
LNAPL was measured in these wells or in any other monitoring wells during later site
investigations. The absence of LNAPL suggests that it may have dispersed within
capillary fringe soils.

A remedial investigation (RI) was conducted at the site from December 1992 through
April 1993 to determine the vertical and horizontal extent of soil and groundwater
contamination in support of developing a RAP for the site (WW Engineering & Science,
1993). Eighteen soil boreholes were drilled from the ground surface to the groundwater
table and sampled for chemical analysis at 2.5-foot intervals. Temporary groundwater
monitoring wells, which were screened across the groundwater surface, were installed in
each of the 18 soil boreholes and sampled for dissolved benzene, toluene, ethylbenzene,
and xylenes (BTEX). Additionally, seven permanent groundwater monitoring wells (five
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shallow wells and two deep wells) were installed and sampled (Figure B.1). These data
were collected to supplement the USGS investigation results.

DEFINING SITE CHARACTERIZATION DATA REQUIREMENTS

In order to make a credible and defensible RBCA decision for this site, an adequate
and appropriate site characterization data must be available. Sufficient data must be
collected to conduct a quantitative fate and transport analysis, perform an exposure
pathways anaysis, and evaluate the potentia treatability of contaminated media using
low-cost remedial technologies and approaches. As part of the risk-based investigation at
the KC-135 Crash Site, emphasis was placed on filling data gaps identified during
previous investigations and on collecting data relevant to documenting the in situ
biodegradation of fuel hydrocarbons in soil and groundwater.

After a review of previoudly collected site data, data gaps and target analytes were
identified. Data gaps were determined by reviewing a preliminary conceptual site model
(CSM) (Section 4 of the handbook) to identify previousy undefined potential
contaminant migration pathways. Target analytes were identified based on the chemical
constituents of the known contaminant source, JP-4 jet fuel, and the results of previous
sampling activities at the site. It was determined that additional soil gas, subsurface soil,
and groundwater samples were required to adequately quantify potential contaminant
migration pathways and associated risk at the KC-135 Crash Site. Source reduction
technology pilot testing, present and future land use, and groundwater use data also were
required for the site to facilitate risk-based Tier 1 screening, Tier 2 analysis, and fina
remedial design.

Based on the chemica composition of JP-4 jet fuel, BTEX and the polynuclear
aromatic hydrocarbons (PAHSs) were identified at the target analytes for all media at the
KC-135 Crash Site. It also was determined that electron acceptor and other groundwater
geochemical data would be required to facilitate an evaluation of the potential for natural
chemical attenuation of dissolved hydrocarbon contamination.

SITE INVESTIGATION

A field investigation was conducted by Parsons ES at the KC-135 Crash Site during
September through November 1994. The following sampling and testing activities were
performed by Parsons ES at the site:

7 Caollection of soil gas samples at three locations;

7 Drilling and ingtalation of 10 new permanent groundwater monitoring wells,
including one deep groundwater monitoring well;

7 Collection of 12 subsurface soil samples from 7 of 12 new soil boreholes for fixed-
base analytical evaluation;

7 Collection of 48 subsurface soil samples from 12 new soil boreholes for field
screening; and
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7 Collection of 20 groundwater samples from different sampling locations for field
and/or fixed-base analytical evaluation.

Figure B.1 shows all of the sampling locations at the KC-135 Crash Site. Field
sampling and testing activities are summarized briefly in the following sections.

Soil Gas Sampling

The purpose of soil gas sampling was to confirm the 1989 soil gas survey results that
showed a limited extent of subsurface soil contamination (USGS, 1990) and to determine
the potential for lateral and upward diffusion of contaminated soil gas at the site. Soil gas
samples were collected from the existing monitoring well W404 and from newly installed
monitoring wells W408 and W409S (Figure B.1). Each of these wells had screened
intervals above the water table, which allowed soil gas to be collected from the capillary
fringe. All soil gas samples were screened for fuel hydrocarbons, oxygen, and carbon
dioxide using hand-held field instruments. Soil gas samples also were collected and
analyzed using the fixed-base, US Environmental Protection Agency (USEPA) analytical
method TO-3 for specific volatile chemicals (i.e,, the BTEX compounds) and total
volatile hydrocarbons (TVH).

Subsurface Soil Sampling

Subsurface soil samples were collected at the KC-135 Crash Site to further delineate
the nature and extent of saturated and unsaturated soil contamination at the site. Twelve
new soil boreholes were drilled with the goals of expanding the existing groundwater
monitoring well network and collecting additional contaminant data. Twelve subsurface
samples were collected from 7 of the 12 new soil boreholes. Figure B.1 shows the
location of each of these subsurface soil sampling locations, and Table B.1 presents the
fixed-base analytical methods used for the analysis of soil samples collected at the site.
Ten of the 12 new soil boreholes were completed as permanent, 2-inch-diameter
groundwater monitoring wells (W407 through W416).

Groundwater Sampling

Anaytical groundwater samples were collected from new wells and previously
installed wells shown on Figure B.1 to define the nature and extent of source area and
dissolved contamination. Geochemical data relevant to documenting the potential for
biodegradation of dissolved hydrocarbon contamination and quantitatively investigating
environmental fate and transport also were collected. Table B.1 presents the fixed-base
analytical and field methods used for the analysis of groundwater samples collected at the
site.

Sour ce Reduction Technology Testing

Two potential source reduction technologies, biosparging and bioventing, were
evaluated during the investigation of fuel contaminated sites at Wurtsmith AFB. A single
biosparging test well was constructed at another site on Wurtsmith AFB as part of
another risk-based study. Due to significant hydrogeological similarities between the
biosparging test site and the KC-135 Crash Site, the test results were deemed appropriate
in predicting the effectiveness of biosparging in remediating groundwater contamination
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at the KC-135 Crash Site. The goal of the biosparging test was to measure the increase in
dissolved oxygen (DO) concentrations created by sparging, and to determine the flow
rates required for afull-scale biosparging system in the event that this type of remediation
was warranted. This test concluded that three sparging wells with a 5- to 7- standard-
cubic-foot-per-minute (scfm) injection rate per well would be sufficient to increase DO
concentrations by at least 1 milligram per liter (mg/L) in groundwater at the KC-135
Crash Site source area.

A bioventing test also was completed at the second site to determine the ability of
injected air to supply oxygen for biological degradation of fuel residuals. However,
initial soil gas oxygen concentrations in the source area were greater than 16 percent,
indicating that natural diffusion from the atmosphere was already supplying adequate
oxygen for the biodegradation of the low levels of fuel residuals remaining in unsaturated
soils at the KC-135 Crash Site.

Present and Future Land Use | nfor mation

During the field investigation at Wurtsmith AFB, current and future land use
information was collected to determine which generic, land-use based, screening criteria
(RBSL) would be appropriate for the site. The KC-135 Crash Site was maintained as an
active airfield up until Base closure in 1993. Since Base closure, the site has been
maintained as an active airfield operated by a private corporation. A land reuse plan has
been developed for the site by the US Air Force and the Oscoda, Michigan Township
Board of Trustees. Under this approved plan, the KC-135 Crash Site will continue to be
maintained as an airfield. This use would continue to restrict public access, and no
human occupancy of the site is expected. Areas surrounding the site also are proposed to
be maintained for industrial use. This is important because the final risk-based strategy
need only protect industrial receptors if the contamination does not migrate appreciable
distances over time.

Groundwater Use Information

The water supply for Base facilities is currently derived from seven on-Base
groundwater wells drilled and installed within the shallow aquifer. Groundwater use
restrictions have been imposed in areas where shallow groundwater contamination exists
or is suspected to exist. The approved land reuse plan calls for replacing the on-Base
water supply system with local domestic water supply systems. As a result, there is no
need (or plan) to extract groundwater from the shallow aquifer at the KC-135 Crash Site
(or any area on-Base) to meet future water supply demands. This is important because it
will provide the basis for securing approval of aternate target cleanup goals for
groundwater.

TIER 1 SCREENING EVALUATION

After sufficient analytical data and other relevant site information were collected, a
Tier 1 screening evaluation was performed for the KC-135 Crash Site to identify
chemicals of potential concern (COPCs) that could require further evaluation. According
to the final land use plan for Wurtsmith AFB, which was approved by the Oscoda
Township Board of Trustees, the expected future use of the KC-135 Crash Site will be as
an airfield (US Air Force, 1993). MDEQ (1995b) risk-based guidance specifies that
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industrial cleanups will generaly apply at “sites where the uses of the property are
expected to be limited at the completion of the remedial action.” Industrial cleanup
criteria are appropriate for sites where the current and/or planned activities to be
conducted onsite can be described as industrial or commercial in nature. However, the
most conservative cleanup criteria possible for the KC-135 Crash Site are residential
cleanup criteria. The use residential criteria was appropriate because the extent of
potential downgradient contaminant migration had not been quantified. In order to
protect any potential downgradient receptors, residential criteria were applied at the site.
Residential cleanup criteria developed in MDEQ (1995a) Operational Memorandum #8,
Revision 4, were used as conservative Tier 1 screening criteria to identify which
contaminants in soil and groundwater at the KC-135 Crash Site required further
evaluation. In the cases where residential screening criteria were more stringent than
method detection limits (MDLs), MDLs were used as the comparison criteria.

No contaminants were detected in soils at concentrations that exceeded the Tier 1
screening levels. As a result, no soil COPCs were identified at the KC-135 Crash Site.
Specific chemicals that were measured in groundwater in either 1992 or 1994 at
concentrations that exceeded any of the generic residential cleanup criteria are presented
in Table B.2. The criteria that were exceeded are shaded on the table. Health-based,
aesthetic, and groundwater/surface water interface (GSI) residential groundwater criteria
are included in the table. The GSI cleanup criteria defines the concentration of a
contaminant that can remain in soils adjacent to surface water and not present a threat to
surface water quality as a result of leaching. The COPCs in groundwater were BTEX and
naphthalene. All of these compounds were included as groundwater COPCs based on
data from 1992 and 1994. Naphthalene was considered a groundwater COPC only
because concentrations above generic residential GSI cleanup criteria were measured
onsite. Naphthalene is not likely to represent an actual chemical threat because no
surface water bodies are located at or near the site. Compounds measured at the site at
concentrations that did not exceed the most restrictive generic residential screening
criteria were not carried forward for further analysis. This is one of the prime advantages
of the Air Force strategy; the analysis is focused on potential “risk-drivers” only, rather
than all detected chemicals.

TIER 2 ANALYSIS

A Tier 2 analysis was performed after the Tier 1 evaluation to quantify the nature and
extent of COPCs as well as contaminant fate and transport. Site-specific target levels
(SSTLs) were not developed during this Tier 2 analysis. The State of Michigan has
already defined less restrictive cleanup criteria for industrial sites. As a result, the focus
of the Tier 2 analysis was to determine if the generic industrial criteria could be achieved
in a relatively short time frame at an acceptable cost. This approach included a
determination of what receptor exposure pathways are or could be completed at the site
and determining if any imminent risks exist at the site.

Nature and Extent of COPCs

The nature and extent of the compounds identified as COPCs were evaluated using
previous site investigation data and the data collected during the 1994 risk-based site
investigation. Dissolved groundwater contamination has migrated 600 feet downgradient
from the source area to well W411, and appears to be limited to a region extending from
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the source area to the northern edge of the aircraft runway. The 1994 location of the
BTEX plume at the site is shown in Figure B.2. A comparison of 1992 sampling data to
1994 data indicated that the leading edge of the plume has stabilized. Sampling aso
indicated that a 63-percent reduction in dissolved BTEX concentration occurred in the
plume over this 2-year period.

Fate and Transport Analysisof COPCs

The fate of the COPCs identified in groundwater at the KC-135 Crash Site, based on
their chemical characteristics and site-specific characteristics, was examined in detail.
Emphasis was given to documenting the effects of natural physical, chemical, and
biological processes on contaminant mass, concentration, persistence, toxicity, and
mobility. The first step in the fate and transport analysis was an exposure pathways
anaysis. The objective of this assessment was to revise the preliminary CSM to
determine which, if any, receptor exposure pathways are complete (USEPA, 1988).
Pathways where contaminants are released and may migrate within the environment to
potential receptor exposure points were evaluated. Incomplete exposure pathways and
those that pose a negligible risk to receptors were eliminated from further consideration.
The remedial requirements for the KC-135 Crash Site were developed to address only
chemical contamination that may pose an actual risk to human health and/or the
environment.

The results of the site-specific exposure pathways screening assessment indicated that
the only pathway that may be completed at this site involves potential future off-Base
receptor exposure to contaminated groundwater. This exposure pathway was retained
based on an extremely conservative, qualitative evaluation of contaminant transport in
groundwater. A quantitative fate and transport analysis of contaminated groundwater
then was performed using monitoring data and the numerical groundwater flow and
contaminant transport model Bioplume Il. The effects of transformation processes and
other contaminant characteristics that influence contaminant concentration, mass,
mobility, persistence, and toxicity were factored into this numerical analysis. The results
of the quantitative modeling confirmed that the contaminant plume was at a steady state
and was anticipated to recede in the future. Figure B.3 illustrates the reductionsin BTEX
concentrations predicted to occur over the next 8 years at the KC-135 Crash Site. Based
on the results of this site-specific analysis, the off-Base migration pathway was not
retained for further analysis.

The conclusions of the quantitative, site-specific exposure pathways anaysis were
important for two reasons. First, the analysis demonstrated that, even under extremely
conservative assumptions, the concentrations of COPCs in groundwater at the site did not
pose a risk to human health or the environment because no potentia receptor exposure
pathway is or is likely to be complete. This is important because it shows that active
remediation is not necessary to minimize or eliminate any imminent risks. Second, the
assessment showed that onsite groundwater contamination does not pose an immediate
threat to downgradient media. This type of information helped to focus the range of
remedial objectives and requirements.

PROPOSED TYPE OF CLEANUP
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Given the current and planned land uses, zoning, and access restrictions enforced at
the KC-135 Crash Site, it was decided to pursue implementation of remedial actions that
would achieve the generic industrial cleanup criteria for all COPCs. It aso is possible
that the remedial action could reduce site concentrations to below generic residential
cleanup criteria over time, however, this is not the target remedia goal for the site.
Because the quantitative Tier 2 analysis completed for the site did not indicate any
imminent risk at the site, it was determined that the generic industrial criteria were
adequate cleanup goals, and no interim actions were required to protect human health
and/or the environment. Additionally, it was determined that the generic industrial
criteria could be met in an appropriate timeframe at an acceptable cost. This made the
development of SSTL s unnecessary for the KC-135 Crash Site.

Generic residential cleanup criteria for groundwater were proposed as the target risk-
based cleanup criteria for the downgradient property boundary to protect potential offsite
receptors. Implementation of remedial actions that would attain residential cleanup
criteria at the site was neither a requirement nor a goal of the RBCA. However, at the
request of MDEQ, the effectiveness of different remedial technologies and approaches in
achieving residentia cleanup criteria at the property boundary (and over time for the
entire site) were qualitatively considered when developing remedia alternatives for the
site. A comparison of residential and industrial cleanup criteriais shown in Table B.2.

DEVELOPMENT OF REMEDIAL ALTERNATIVES

After it was determined that MDEQ’s (1995b) generic industrial criteria would be the
appropriate cleanup standards for the site, three possible remedial alternatives were
developed. All three of the alternatives were designed to meet the generic industrial
criteria, albeit within different time frames and at different costs. The following remedial
techniques were evaluated for inclusion in the remedial alternatives:

Land and groundwater use controls;
Public education;

Intrinsic remediation of soil and groundwater contamination with long-term
monitoring;

Biosparging in the source area;
Groundwater extraction in the source area with activated carbon treatment; and
Limited bioventing in dewatered soils.

Data from pilot testing of the bioventing and biosparging technologies performed
during the risk-based site investigation were used to quantitatively estimate the costs and
effectiveness of these technologies. Intrinsic remediation potential was quantified
through analysis of geochemical data collected during the site investigation at the KC-
135 Crash Site. A Bioplume Il model, created for the site during the Tier 2 analysis, was
used to quantitatively estimate groundwater contaminant attenuation and migration at the
site under different remedial scenarios.
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Three remedia alternative were formulated from the possible remedia techniques:
Alternative 1 - Intrinsic Remediation with Long-Term Monitoring and Land and
Groundwater Use Controls, Alternative 2 - Biosparging in Source Area, Intrinsic
Remediation with Long-Term Monitoring, and Land and Groundwater Use Controls; and
Alternative 3 - Limited Groundwater Extraction and Treatment, Air Injection Bioventing,
Intrinsic Remediation with Long-Term Monitoring, and Land and Groundwater Use
Controls. All three of the aternatives were evaluated in terms of effectiveness,
implementability, and cost. A summary of thisevaluation is shown in Table B.3.

RECOMMENDED REMEDIAL ALTERNATIVE

Alternative 1 (Intrinsic Remediation with Long-Term Monitoring and Land and
Groundwater Use Controls) was recommended for the remediation of the KC-135 Crash
Site based on its expected effectiveness in attaining generic industrial (and eventually
generic residential) cleanup criteria, its relative simplicity with respect to technical and
administrative implementation, and its low overall cost.

Historical decreases in contaminant concentrations and conservative fate and transport
modeling indicate that intrinsic remediation will achieve a generic industrial cleanup
criteria for groundwater in approximately 10-12 years. Given the current and projected
land use as an airfield and the conservative estimates of plume migration, no active
remediation is required at this site to protect human health or the environment. Bioplume
Il modeling predicted very limited plume migration, with no chance of off-Base
migration.  Long-term groundwater monitoring will be used to verify intrinsic
remediation and to ensure that contaminants do not migrate to the airfield boundary or
Base boundary. Limitations on groundwater pumping at this site should not impose a
restriction on future airfield land use or operations. The following sections provide
additional detail on the implementation of this aternative.

Regulatory Approval

The draft RAP for the risk-based remediation of the KC-135 Crash Site was issued to
the MDEQ and Region V of the USEPA for review in March 1995. After receiving and
addressing comments and providing a regulatory presentation in Michigan, MDEQ and
USEPA verbally approved the RAP in February 1996.

Long-Term Monitoring

As part of the RAP, along-term monitoring plan (LTMP) was developed for the KC-
135 Crash Site to monitor the implementation and progress of the recommended remedial
action. Because no active, engineered remedial technologies were selected for the site,
only groundwater monitoring and land and groundwater use controls will be necessary at
the site. Long-term groundwater monitoring is essential to verify the progress of intrinsic
remediation. Careful implementation of the LTMP is a key component of the RAP for
the site. The LTMP for the site calls for annual groundwater sampling at a total of nine
sampling locations, including three sentry wells to track the horizontal and vertical
movement of the plume, and a downgradient point-of-action (POA) well (W403) to
ensure that contaminants are not moving at a rate that could result in off-Base migration.
Due to the large distance that separates the plume from the Base boundary (4,875 feet), a
possible point-of-compliance well (W416) will not be sampled unless contaminants are
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first detected in the POA well. Annual sampling was considered appropriate by all
parties given the limited contaminant migration observed from 1992 to 1994. LTMP
sampling locations are shown in Figure B.2.

The other component of the LTMP, land use verification, will be accomplished by
maintaining communication between the Wurtsmith Air Force Base Conversion Agency
(AFBCA), MDEQ, Oscoda Township, and current and future site occupants. The risk-
based remediation of the KC-135 Crash Site is based upon an industrial 1and-use scenario
a the site. If land use at the site changes unexpectedly (i.e., the site is released for
residential occupancy before generic residentia criteria are achieved in 12 years), site
conditions and associated risk must be reevaluated accordingly. Visual inspections of the
site also will be made during annual groundwater sampling site visits to ensure that no
nonindustrial activities are occurring at the site.

LONG-TERM MONITORING RESULTS

The first round of annua groundwater sampling under the LTMP was completed in
October 1995. The sampling results, presented in Table B.4, indicate continued decreases
in the BTEX compounds and naphthalene consistent with the conservative predictions of
the Bioplume Il model. The results of annual groundwater sampling were provided to the
AFBCA, MDEQ, and USEPA Region V to update the team on remediation progress and
to provide new information for pending land use decisions. Annual sampling will
continue until MDEQ generic industrial cleanup criteria have been uniformly attained at
the site. Initial contaminant biodegradation and transport calculations suggested that
benzene concentrations in groundwater should be reduced below these health-based
industrial cleanup criteria in approximately 10-12 years. One-year sampling results,
however, indicate that contaminant attenuation at the site may be occurring dlightly faster
than was conservatively estimated. Based on these 1995 analytical data, it is possible that
the site could achieve the generic industrial criteria in shorter period of time than
previously estimated.
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TABLEB.1
FIXED-BASE AND FIELD METHODSBY ANALYTE
KC-135 CRASH SITE, WURTSMITH AFB, MICHIGAN

Analytical Field or

Anayte Matrix Method Fixed-Base
Total Extractable Hydrocarbons (TEH) Soil and Water  |M8015 Fixed-Base
Total Volatile Hydrocarbons Soil and Water  |M8015 Fixed-Base
Benzene Soil and Water | SW8020 Fixed-Base
Toluene Soil and Water | SW8020 Fixed-Base
Ethylbenzene Soil and Water  |SW8020 Fixed-Base
Xylene (Total) Soil and Water |SW8020 Fixed-Base
1,2,3-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
1,2,4-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
1,3,5-Trimethylbenzene Soil and Water  |SW8020 Fixed-Base
2-Methylnaphthalene Soil and Water |SW8270 Fixed-Base
Acenaphthene Soil and Water  |SW8270 Fixed-Base
Acenaphthylene Soil and Water |SW8270 Fixed-Base
Anthracene Soil and Water | SW8270 Fixed-Base
Benzo(a)anthracene Soil and Water | SW8270 Fixed-Base
Benzo(a)pyrene Soil and Water  |SW8270 Fixed-Base
Benzo(b)fluoranthene Soil and Water | SW8270 Fixed-Base
Benzo(g,h,i)perylene Soil and Water  |SW8270 Fixed-Base
Benzo(k)fluoranthene Soil and Water | SW8270 Fixed-Base
Chrysene Soil and Water  |SW8270 Fixed-Base
Dibenz(a,h)anthracene Soil and Water | SW8270 Fixed-Base
Dibenzofuran Soil and Water | SW8270 Fixed-Base
Fluoranthene Soil and Water | SW8270 Fixed-Base
Fluorene Soil and Water | SW8270 Fixed-Base
Indeno(1,2,3-cd)pyrene Soil and Water | SW8270 Fixed-Base
Naphthalene Soil and Water  |SW8270 Fixed-Base
Phenanthrene Soil and Water | SW8270 Fixed-Base
Pyrene Soil and Water  |SW8270 Fixed-Base
pH Soil SW9045 Fixed-Base
Total Organic Carbon Soil SW9060 Fixed-Base
Moisture, Percent Sail E160.3 Fixed-Base
Phosphorus, Total Orthophosphate (as P) Soil E300.0 Fixed-Base
Alkalinity, Total (as CaCOy) Soil E310.1 Fixed-Base
Nitrogen, Total Kjeldahl Soil E351.3 Fixed-Base
Iron Sail SW6010 Fixed-Base
Electrical Conductivity” Water FCOND Field
Dissolved Oxygerf Water FDO Field
pH? Water FPH Field
Redox Potential® Water FREDOX Field
Temperature‘"” Water FTEMP Field
Iron” Water H8008 Field
Nitrate” Water H8039 Field
Nitrite” Water H8040 Field
Sulfate” Water H8051 Field
Hydrogen Sulfide” Water H8131 Field
Iron, Ferroug” Water H8146 Field
Alkalinity, Total (as CaCOy)” Water H8221 Field
Carbon Dioxide” Water H8223 Field
Manganese” Water HMANG Field
Carbon Dioxide Water COU-02 Fixed-Base
Methane Water RSK175 Fixed-Base

@ Analyte measured with direct-reading field instruments.
o Analyte measured with Hach colorimetric field kit.
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TABLE B.2
IDENTIFICATION OF RESIDENTIAL GROUNDWATER CLEANUP CRITERIA EXCEEDANCES
KC-135 CRASH SITE, WURTSMITH AFB, MICHIGAN

Range of 1992 Range of 1994 Residential Cleanup Criteria” Industrial Cleanup Criteria”
COPCs” Concentrations | Concentrations | Health-Based | Aesthetic | GSI” Health-Based/ARAR” | Aesthetic
Benzene (ug/L) 15 - 280 1J- 89 29.37 - 53 119.9/5 -
Toluene (ug/L) 1.9- 3,700 0.4J- 2,100 1,460 790 110 4,171/1,000 790
Ethylbenzene (ug/L) 53 - 2,400 15 - 520 730 74 31 2,086/700 74
Total xylenes (pg/L) 17-9,700 58 - 2,500 14,600 280 59 41,714/10,000 280
Naphthalene (ug/L) 5-120 2J- 100 260 - 29 750/NA" -

Note: Shading indicates measured groundwater concentrations exceed potential target remedial criteria.

¥ COPCs = chemicals of potential concern.

" MDEQ, 1995a.

¢ MDEQ, 1995b.

4GSl = groundwater/surface water interface.

¢ ARAR = applicable or relevant and appropriate requirement.
" NA = not available.
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TABLE B.3

SUMMARY OF REMEDIAL ALTERNATIVE EVALUATION
KC-135 CRASH SITE, WURTSMITH AFB, MICHIGAN

Remedial Alternative Effectiveness Implementability Present Worth
Cost Estimate
Alternative 1 $159,600
-Intrinsic Remediation Contaminant mass, volume, and toxicity will Technically simple and easy to implement.
-Long-Term Monitoring gradually be reduced by intrinsic remediation Long-term groundwater monitoring for 12
-Land and Groundwater Use Controls | alone. Concentration of COCs will be below years is required. Current land use restrictions
industrial cleanup criteria in approximately 12 | are in place and effective. Requires public
years. education.
Alternative 2 $216,900
-Biosparging in Source Area Similar to Alternative 1, with the addition of Long-term groundwater monitoring for 8 years
-Intrinsic Remediation biosparging to increase contaminant is predicted if biosparging can provide uniform
-Long-Term Monitoring degradation in the source area. Pilot testing oxygen addtion to groundwater. Biosparging
-Land and Groundwater Use Controls | produced significant DO increases. system will require weekly monitoring.
Controversial technology: may not provide Current land use restrictions are in place and
effective long-term treatment. effective. Positive public perception.
Alternative 3 $402,100

-Limited Groundwater Extraction
-Air Injection Bioventing

-Intrinsic Remediation

-Long-Term Monitoring

-Land and Groundwater Use Controls

Similar to Alternative 1, with the addition of
groundwater removal and treatment and air
injection bioventing to treat dewatered soils.
Generic industrial cleanup criteria for all COCs
in groundwater will be met in approximately 3
years once system operation begins. GAC will
sufficiently treat groundwater to meet generic
residential aesthetic and health-based criteria.
Discharge to infiltration trench is
recommended.

Long-term groundwater monitoring for 6years
is required Pump and treat and bioventing
systems will require weekly monitoring. A
discharge permit may be required for
reinjection of treated groundwater. Lengthy
lead time required for design and installation of
pump and treat system. Contaminated GAC
will have to be disposed. Current land use
restrictions are in place and effective. Positive
public perception.




TABLE B.4
ACTUAL VS PREDICTED GROUNDWATER CONCENTRATIONS
KC-135CRASH SITE, WURTHSMITH AFB, MICHIGAN

ANALYTICAL RESULTS

BIOPLUME Il PREDICTED
CONCENTRATION

WELLS | COMPOUND | UNITS| DEC-92 OCT-94 | OCT-95 FOR OCT-95
w407 Benzene ug/L NA ¥ 04uU"Y 04U
Toluene ua/L NA 4U 04U
Ethylbenzene | pg/L NA 4U 04U
Xylenes pg/L NA 4U 04U NO CHANGE -
TOTAL BTEX | pg/L NA 124U 16U BACKGROUND WELL
UsSGs4 Benzene ua/L <500 44 04U
Toluene pg/L 3700 2100 1200
Ethylbenzene | pg/L 2400 520 410
Xylenes pg/L 9700 2500 1800
TOTAL BTEX | pg/L 15800 5124.4 3410 3,380
Naphthalene ug/L 120 100 110
W404 Benzene pg/L <10 04U 0.4U
Toluene po/L 420 1639 11
Ethylbenzene | pg/L 130 54 23
Xylenes pg/L 700 66 34
TOTAL BTEX | pg/L 1250 121.6J 58.1 80
Naphthalene | pg/L 21 NsY 05U
W409S Benzene pg/L 280 89 8.9
(T-13) ¢ Toluene Hg/L 640 770 140
Ethylbenzene | pg/L 56 140 69
Xylenes ua/L 360 370 170
TOTAL BTEX | pg/L 1336 1369 387.9 1,000
Naphthalene ug/L <5 16 19.0
W411 Benzene pg/L 28 1J 04U
(T-16) Toluene ua/L <1 4U 04U
Ethylbenzene | pg/L <1 4U 04U
Xylenes pg/L <3 4U 04U
TOTAL BTEX | pg/L 28 1J 16U 25-50
Naphthalene ug/L <5 10U 05U
W410 Benzene pg/L NA 04U 04U
Toluene pg/L NA 4U 04U
Ethylbenzene | pg/L NA 4U 04U
Xylenes pg/L NA 4U 04U
TOTAL BTEX | pg/L NA 124U 16U NO CHANGE
Naphthalene | pg/L NA NS 05U
W412 Benzene pg/L NA 04U 04U
Toluene pg/L NA 4U 0.9
Ethylbenzene | pg/L NA 4U 0.8
Xylenes pg/L NA 4U 24
TOTAL BTEX | pg/L NA 124U 41 NO CHANGE
Naphthalene | pg/L NA NS 05U
w414 Benzene Mg/l <1 04U 04U
(T-17) Toluene pg/L <1 4U 04U
Ethylbenzene | pg/L <1 4U 04U
Xylenes pg/L <3 4U 04U
TOTAL BTEX | pg/L <6 124U 16U NO CHANGE
W409D Benzene pg/L NA 04U 04U
Toluene Hg/L NA 0.4J 04U
Ethylbenzene | pg/L NA 4U 04U
Xylenes Hg/L NA 4U 04U
TOTAL BTEX | pg/L NA 0417 16U NO CHANGE
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¥ NA = Data not available for comparisons.
Y U = Analyte not detected above method detection limit.
¢ J= Estimated value.
¥ NS = Not Sampled.

¢ Temporary sampling location used in the 1992 investigation.
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CASE STUDY C
SITE ST-27
CHARLESTON AFB, SOUTH CAROLINA
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INTRODUCTION

Parsons Engineering Science, Inc. (Parsons ES) was retained by the United States
(US) Air Force Center for Environmental Excellence (AFCEE) to prepare a corrective
action plan (CAP) in support of a risk-based remediation decision for soil and
groundwater contaminated with fuel hydrocarbons and nonfuel organic compounds at
Site ST-27 at Charleston Air Force base (AFB), South Carolina. Site ST-27 consists of
several underground storage tanks (USTs) used to store JP-8 jet fuel, motor gasoline
(MOGAS), and diesdl fuel to support aircraft operations at the base. One or more fuel
releases from leaking USTs and fuel transfer lines have contaminated site soil and
groundwater with fuel hydrocarbons. In addition to site-related fuel contamination,
nonfuel organic compounds from adjacent sites have been measured in soil and
groundwater at and immediately upgradient from Site ST-27.

The purpose of the CAP was to document the reasonable potentia risks to human
health and the environment (i.e., ecological receptors) due to exposure to chemical
contaminants originating from Site ST-27 under current conditions. The CAP aso
estimated the potential risks to future human and ecological receptors due to exposure to
chemical contaminants over time, accounting for the effects of natural chemical
attenuation processes. Finaly, the CAP developed and described a recommended
remedial approach for fuel hydrocarbon and nonfuel organic contamination in soils and
groundwater at and downgradient from Site ST-27 in accordance with the requirements of
the South Carolina Department of Health and Environmental Control (SCDHEC).

Risk-based remediation is designed to combine natural physical, chemical, and
biological processes with low-cost source reduction technologies such as in situ
bioventing, as necessary, to economically reduce potential risks to human health and the
environment posed by subsurface petroleum fuel spills. The CAP for this site was
prepared as part of a multi-site initiative sponsored by AFCEE to develop a handbook on
how best to implement risk-based corrective actions (RBCAS) at fuel-contaminated sites.

REGULATORY FRAMEWORK

The CAP provided the documentation el ements specified by the Underground Storage
Tank Program of the South Carolina Department of Health and Environmental Control
(SCDHEC, 1995) for both Tier 1 and Tier 2 risk-based assessments and evaluations. The
SCDHEC guidance outlines a tiered approach for establishing corrective action
requirements at specific sites based on an evaluation of potential exposures to chemical
contamination at or migrating from a release site. SCDHEC (1995) requires releases to
be classified with respect to the time frame in which potential receptors could be exposed
to site-related contamination. Site ST-27 was prioritized as a Category 5 site, the lowest
priority, indicating that there is no demonstrable threat to human health or the
environment, but that some contaminant levels are above the SCDHEC defined Tier 1
levels.

Per SCDHEC regulations, once a release has been initially classified, the site should
be subject to a Tier 1 evaluation. As described in Section 3 of this handbook, a Tier 1
evaluation is essentially a screening-level assessment where contaminant concentrations
measured in site media are compared to nonsite-specific (i.e., generic) values. Some
states have developed their own screening criteria.  South Carolina has developed risk-

D:\AF Risk\Data CHRSTDY.DOC C-2



based screening levels (RBSLs) for a number of chemicals and exposure pathways.
Where the SCDHEC has not developed RBSLs for a particular media and exposure
pathway (i.e., RBSLs have not been developed by SCDHEC for soil in industrial land use
scenarios), RBSLs were developed consistent with SCODHEC methodol ogy.

The RBSLs were used to identify which, if any, contaminants and environmental
media may warrant additional evaluation or remediation. |f measured site concentrations
do not exceed the applicable Tier 1 criteria, no additional remedia actions would be
required by the SCDHEC. However, it would be necessary to maintain land use in
accordance with the exposure assumptions used to derive the cleanup goals.

In the event that measured site concentrations exceed the applicable Tier 1 RBSLs, a
Tier 2 evaluation may be pursued. A Tier 2 evauation is more comprehensive than a
Tier 1 analysis because it requires quantitative contaminant fate and transport calculations
and the development of site-specific remediation goals for potential receptor exposure
pathways based on reasonable exposure assumptions and actual land use considerations.
Tier 2 site-specific target levels (SSTLs) are based on the outcome of a predictive
exposure pathways analysis to evaluate current and potential future human health risks
and short-term and long-term fate of the contaminants at the site. Tier 2 evauations
usually involve more rigorous analysis and may require use of institutional controls to
ensure that exposure conditions do not change over time. A cleanup based on a Tier 2
evaluation should result in a more focused remediation of those contaminants that may
actually pose arisk to potential receptors (SCDHEC, 1995).

The CAP was also intended to provide documentation necessary for establishment of a
"Ground-Water Mixing Zone" under SCDHEC regulation. Designation of a Ground-
Water Mixing Zone allows establishment of a well defined area in which the drinking
water standards for groundwater can be exceeded. To use the Ground-Water Mixing
Zone exemption severa criteria must be met: 1) the contaminant plume must be entirely
within the site boundary; 2) an onsite downflow compliance boundary must be
established beyond which accepted limits cannot be exceeded; 3) the area of
contamination that exceeds the standards may not be alowed to increase prior to
attenuation; and 4) removal or containment of the source. In essence, the Ground-Water
Mixing Zone alows exceedances of SCDHEC groundwater criteria if there is minimal
potenital for the groundwater to be part of a completed expsoure pathway.

SITE BACKGROUND
Operational History
Site ST-27

The base is located in North Charleston, approximately 10 miles north of the
Charleston Harbor and downtown Charleston, South Carolina. Site ST-27 is located in
the north-central part of the base, on the western edge of the aircraft maintenance apron
and adjacent to the Building 575 maintenance hangar. In previous investigations Site ST-
27 has aso been referred to as Solid Waste Management Unit (SWMU) 145. The area
immediately around Site ST-27 and Building 575 includes eight other solid waste
management units (SWMUSs 20-27). The risk-based investigation for the site specifically
targeted Site ST-27 (SWMU 145). However, because SWMUSs 20-27 are in very close
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proximity to Site ST-27, the investigation also addressed the areas around the adjacent
SWMUs. The area surrounding site ST-27 and Building 575, including the eight
SWMUs, isshownin Figure C.1.

Several petroleum USTs have been, or currently are, operated at Site ST-27 (SWMU
145) on the north side of the Building 575 maintenance hangar. 1n 1977, a 10,000-gallon
UST, currently used to store JP-8, was installed in a 6-inch-thick concrete vault. This
UST remains in service at the site. A 3,000-gallon UST and a 1,000-gallon UST were
used previously at the site to store JP-4 jet fuel and motor gasoline (MOGAS),
respectively. Both of these USTs were operated for approximately 30 years before they
were removed from service in January 1988. Prior to removing the USTSs, the Air Force
had suspected that the 3,000-gallon JP-4 jet fuel UST was leaking due to a constant flux
of water entering the tank. The suspected leak in the 3,000-gallon UST was confirmed in
January 1988, when the tank was removed and soils contaminated with JP-4 jet fuel were
discovered. The 1,000-gallon MOGAS tank, which was removed at the same time,
reportedly showed no signs of leakage. According to base personnel, some of the most
heavily contaminated soils around the former USTs at Site ST-27 were excavated and
disposed of during the tank removals [General Engineering Laboratories (GEL), 1988].
The quantity of contaminated soils excavated and removed from the site was not reported.

Two 4,000-gallon fiberglass petroleum USTs were installed at the locations of the
former 3,000-gallon and 1,000-gallon USTs at Site ST-27 in April 1988. One of these
tanks stored MOGAS, and the other stored diesel fuel. During leak testing in January
1996, it was discovered that both MOGAS and diesel were leaking from the tanks or
subsurface transfer lines. The source of the MOGAS contamination was identified and
corrected, and this tank is still in service. The source of the diesel leak has not been
found and this tank has been emptied and removed from service. The entire site is
scheduled to be decommissioned in 1997. The locations of the three existing USTs at
Building 575 are shown on Figure C.1.

Previous I nvestigations
Site ST-27

Several phases of environmental investigations have been conducted at Site ST-27.
After the two USTs were removed and a fuel release was confirmed at Site ST-27
(January 1988), the base contracted with GEL of Charleston, South Carolina, to perform
an initial hydrogeologic investigation of the site in June 1988. GEL (1988) installed 14
shallow, hand-augered borings and 5 shallow groundwater monitoring wells to assess the
impact of the tank leak on soil and groundwater quality. Groundwater contamination was
detected in four of the five wells. Groundwater at Site ST-27 is encountered at average
depths ranging from 4 to 6 feet bgs. Although no measurable thicknesses of light
nonaqueous-phase liquid (LNAPL) were observed, GEL (1988) noted that an oily sheen
was present on the surface of groundwater samples collected from two wells.

Following the confirmation of groundwater contamination, Site ST-27 (SWMU 145)
was designated as an Instalation Restoration Program (IRP) site for continued
investigation under aremedial investigation/feasibility study (RI/FS). Versar, Inc. (1992)
conducted an IRP Phase I, Stage 2 RI/FS at the base during 1989-1991, which included
Site ST-27. Versar, Inc. installed three additional groundwater monitoring wells at Site
ST-27 in 1990. Two of the wells were installed in locations presumed to be
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downgradient from existing wells, while the third was installed with a deep-screened
interval to monitor the lower portions of the shallow aquifer. Two soil samples were
collected for laboratory analyses from the soil boring for one of the wells. Versar, Inc.
(1992) sampled groundwater from the 3 new wells and the 5 existing wells in 1990.
Additionally, a sample of LNAPL was collected from one well and analyzed for benzene,
toluene, ethylbenzene and xylene (BTEX). The concentrations of each of the BTEX
compounds in the collected LNAPL sample were significantly below those expected in
"fresh" MOGAS and above those expected in "fresh" JP-4 jet fuel. The two new site-
perimeter wells showed no detectable concentrations of BTEX compounds.

EA Engineering, Science, & Technology, Inc. (EA, 1993) performed a supplemental
groundwater investigation at Site ST-27 to further delineate the extent of mobile LNAPL
on the groundwater table. Four additional shallow groundwater monitoring wells were
installed and sampled from May through June 1993. Soil samples were taken from each
of the soil borings for the monitoring wells. The headspace of the soil samples was
screened in the field for organic hydrocarbon vapors. One soil sample from each soil
boring was submitted for laboratory analysis of volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), total petroleum hydrocarbons (TPH) as
gasoline and jet fuel, total lead, and toxicity-characteristic-leaching-procedure (TCLP)
metals. EA (1993) detected minor quantities of mobile LNAPL in two wells during their
investigation.

Parsons ES (1993) performed preliminary bioventing field tests at Site ST-27 in May
1993, under a separate AFCEE-sponsored effort. Initial testing procedures included a
soil/air permeability test and in situ microbial respiration tests to determine if the site was
suitable for application of the bioventing technology. A soil gas survey was conducted to
identify areas where the subsurface soils were oxygen depleted and had elevated fuel
hydrocarbon concentrations. based on the soil gas survey results, 1 soil venting well and
4 permanent soil vapor monitoring points were installed to perform the initia pilot
testing. Severa soil samples were collected from the unsaturated zone and analyzed for
total recoverable petroleum hydrocarbons (TRPH), BTEX, nutrients, pH, and other
physical parameters. ES (1993) collected three soil gas samples from the vapor
monitoring points (VMPs) for analysis of BTEX and total volatile hydrocarbons (TVH).
Additionally, portable field instruments were used to measure soil gas composition of
oxygen, carbon dioxide, and TVH.

DEFINING SITE CHARACTERIZATION DATA REQUIREMENTS

In order to make a credible and defensible RBCA decision for this site, adequate and
appropriate site characterization data must be available. Sufficient data had to be
collected to conduct a quantitative fate and transport analysis, perform an exposure
pathways analysis and limited risk-assessment, and evaluate the potentia treatability of
contaminated media using low-cost remedial technologies and approaches. As part of the
risk-based investigation at Site ST-27, emphasis was placed on filling data gaps identified
during previous investigations and on collecting data relevant to documenting the in situ
biodegradation of fuel hydrocarbons in soil and groundwater.

After a review of previoudly collected site data, data gaps and target analytes were

identified. Data gaps were determined by reviewing a preliminary conceptua site model
(CSM) (see Section 4 of the handbook) to identify previously undefined potential
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contaminant migration pathways. Target analytes were identified based on the chemical
constituents of the known contaminant sources (JP-4, JP-8, diesel fuel, and MOGAYS),
and on the results of previous sampling activities at the site. The BTEX compounds,
1,2,4-trimethylbenzene  (1,24-TMB) and 1,3,5-trimethylbenzene  (1,3,5-TMB),
naphthalene, and chlorobenzene were identified as target analytes. Additionally, analyses
were performed for various SV OCs and other polynuclear aromatic hydrocarbons (PAHS)
to determine the concentrations of these compounds in soils and groundwater at the site.
To validate and implement a risk-based remedial approach at Site ST-27, additional data
were collected by Parsons ES to: (1) establish groundwater flow characteristics,
groundwater and soil geochemistry, and aquifer parameters; (2) identify all possible
sources that may be contributing to groundwater contamination at the site; (3) evaluate
the potential for contaminant source areas to degrade groundwater quality; and (4)
identify potential contaminant receptors.

SITE INVESTIGATION

The following sampling and testing activities were performed by Parsons ES from July
1995 through January 1996 at Site ST-27:

Installation of 9 additional groundwater monitoring wells, including 2 wells
screened at different depths, 1 air sparging test well, and 8 new shallow VMPs;

Collection of 30 subsurface soil samples for laboratory analyses from 15 of the
boreholes drilled for the installation of new monitoring wells, the air sparging well,
and VMPs;

Collection of 30 groundwater samples from a total of 22 groundwater monitoring
wells, including 13 previoudly installed wells and the 9 new monitoring wells
installed by Parsons ES;

Collection of three SUMMA® canister soil gas samples for quantitative laboratory
analyses from three soil VMPs located in close proximity to the suspected fuel
source area;

Collection of 2 samples of "free-phase,” mobile LNAPL fuel product from 2 wells
for laboratory analyses of fuel composition;

Using portable field instruments, measurement of soil gas parameters of oxygen
(O,), carbon dioxide (C¢, and TVH from 6 of the 8 new VMPs (2 of the VMPs
contained water on the date of the field measurements); and

Performance of aquifer slug tests on 10 wells to determine the hydraulic
conductivity of shallow and deep zones of the surficial (water table) aquifer.

In addition to these recent field activities, ES (1993) previously conducted a
bioventing pilot test at Site ST-27 in May 1993. Field testing, sampling and data
collection activities performed during the bioventing study that are relevant to this risk-
based remediation study include the following:
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Performance of alimited soil gas survey using seven temporary VMPs to determine
soil gas composition for O,, CO,, and TVH;

Installation of 4 permanent VMPs (including a background point) and 1 vertical air
injection VW,

Collection of 3 subsurface soil samples for laboratory analyses from boreholes
installed for the VMPs and the VW;

Collection of 3 SUMMA® canister soil gas samples from 3 different VMPs for
fixed-base laboratory analyses;

Using portable field instruments, measurement of baseline soil gas parameters of
0,, CQ, and TVH from the 4 VMPs and the VW, and

Performance of soil air permeability tests and initiaditu biorespiration tests.

Figure C.2 shows the locations of the soil samples taken in 1995. Figure C.3 shows
the groundwater monitoring wells at site ST-27.

Sour ce Reduction Technology Testing

Two potentially appropriate engineered source-reduction technologies were identified
for this site: soil vapor extraction (SVE) ammdsitu bioventing.

Parsons ES conducted a bioventing pilot test at Site ST-27 in May 1993 as part of a
separate AFCEE remedial technology testing program. Initial pilot testing indicated that
bioventing would be effective in remediating petroleum hydrocarbon contamination in
shallow, unsaturated soils at Site ST-27. Based on oxygen utilization rates, an estimated
160 to 1,150 mg of fuel per kg of soil can be degraded each year at this site.
Additionally, a recent pilot test at Site SS-41 on Charleston AFB indicated bioventing is
highly effective in reducing BTEX contamination in unsaturated soils underlying
Charleston AFB.

An SVE pilot test utilizing a horizontal vapor recovery trench and an internal
combustion engine (ICE) to treat vapor emissions was initiated in January 1996. The
SVE test was run for six months to evaluate the feasibility of removing VOCs and
reducing the contaminant mass in the source area using this technology. Significant
decreases in total volatile hydrocarbons (TVH) occurred at all vapor monitoring points
(VMPs). Based on the results of the initial test, the radius of influence of the single vapor
recovery trench was conservatively estimated at 50 feet. However, the radius of vacuum
influence was not uniform in all directions due to interrupted flow paths caused by buried
tans and pipelines. To insure that all contaminated soil could be effectively treated, a
second horizontal vapor recovery trench was installed at the site in August 1996. Table
C.1 contrasts soil gas chemistry at the commencement and completion of the SVE pilot
test.

The SVE pilot system was operated between February 1996 and May 1997 as an

interim action to remediate the elevated levels of VOCs in soil gas. The results of the
SVE interim action are discussed later in the case study.
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Present and Future Land Use | nfor mation

During the field investigation at the base, current and future land use information was
collected to determine which generic, land-use based, Tier | screening criteria (i.e.,
RBSL) would be appropriate for the site.

Site ST-27 islocated in the north-central portion of the base adjacent to Building 575.
The entire extent of Site ST-27 and the adjacent SWMUSs is within the boundaries of the
base, which is surrounded by a chainlink fence. The base is under manned guard 24
hours per day, 7 days per week. The site is located within a designated aircraft
maintenance area. Access to this areais restricted. Additionally, the site is capped by 8
to 14 inches of concrete, which precludes direct exposure of onsite receptors (e.g., base
personnel) to potentially impacted soils and groundwater.

Most of the area surrounding Site ST-27 and adjacent SWMUs comprises the base
industrial aircraft operations and maintenance facilities. Thisindustrial land use supports
aircraft maintenance hangars, component repair shops, squadron operations buildings,
base operations, a passenger terminal, an air freight terminal, and the Combat Control
Squadron building.

The city of North Charleston surrounds Charleston AFB on all sides. The
predominant land uses in the city are residential and commercial, with apartment
complexes located near Charleston AFB. Commercial developments line the major
roadways. Industrial parks also are scattered throughout the city, including a large
industrial area located just south of Charleston AFB along the Ashley River. The City of
Hanahan, which is located east of North Charleston and Charleston AFB, is primarily
residential.

The base is active and is not on any known US Department of Defense closure lists.
Future land use changes for some portions of the base are being considered; however,
according to the base master plan, the area of Site ST-27 and adjacent SWMUSs remain
designated as part of the aircraft maintenance and operation facilities. After UST system
decommissioning in 1997, it is expected that the land use at and immediately surrounding
Site ST-27 will remain industrial. No redevelopment plans currently exist for the site.
Therefore, the reasonably expected future land use at and near the site will remain
industrial.

Groundwater and Surface Water Use I nformation

Most drinking water for the Charleston areais not obtained from groundwater sources,
because the public water supply system (which utilizes surface water resources) is
sufficient to meet current demands. The public water supply system, provided to the base
by the Charleston Commission of Public Works, consists of three intakes that are located
on the Edisto River (about 25 miles northwest of the base), Goose Creek Reservoir (about
2 miles northeast of the base), and Foster Creek (about 8 miles north of the base). The
base provides no treatment of the water, but does maintain and operate the distribution
system under adrinking water supply permit.

However, groundwater within the vicinity of Charleston AFB is used for both
industrial and domestic supply purposes. The closest known domestic well is located
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approximately 2.2 miles downgradient (southwest) from Site ST-27, approximately 1.2
miles downgradient from the southwestern boundary of Charleston AFB. Domestic uses
of local deep groundwater resources include home heat pump systems and lawn and
garden irrigation.

Ecological Resour ces

At Site ST-27, the concrete cover and activity level associated with aircraft
maintenance in this generally heavily-developed area effectively limit the presence of
wildlife populations to the occasional song bird. The only vegetated areas present are
two grassy areas covered with maintained grass and forb communities (Figure C.1).
These areas do not support trees, and the root zone likely does not extend to the water
table. The low structural diversity, the surrounding industrial development, and the
managed character of these vegetated area likely limit their attractiveness to wildlife and
they are not considered suitable habitat for most species.

TIER 1 SCREENING EVALUATION

As described in Section 3 of this handbook, a Tier 1 screening analysis involves
comparing the site-specific contaminant levels to generic levels developed using
conservative assumptions. Only those chemicals with contaminant levels above the Tier
1 RBSLs will be subject to further evaluation and potentially to remedial action. After
sufficient analytical data and other relevant information were collected, a Tier 1 screening
evauation was performed for Site ST-27 to identify chemicals of potential concern
(COPCs).

M ethodology

Maximum contaminant levels in soil were compared to RBSLs developed for direct
soil contact (i.e., incidental soil ingestion and dermal contact) and to RBSL s devel oped
for the soil contaminant’s potential to leach into groundwater. This information is
presented in Tables C.2 and C.3. If the maximum measured site concentration exceeded
the Tier 1 target concentration, the compound was identified as a COPC.

Tier 1 groundwater RBSLs were compared to the maximum detected site chemical
concentrations in groundwater, and those chemicals with concentrations above the
RBSLs were identified as COPCs. Thisinformation is presented in Table C.4. Note that
the Tier 1 analysis and conclusions conservatively considered and addressed the
possibility of future unrestricted use of groundwater resources (i.e., unrestricted
groundwater use will be assumed for the surrounding off-base and downgradient areas).

For ambient air exposures, the Tier 1 analysis only examined the BTEX compounds.
The SCDHEC guidance does not provide ambient air RBSLs for PAHS, stating that these
compounds are not a concern due to their low volatility. Table C.5 compares the air
RBSLs and the maximum detected site soil gas concentrations. Those chemicals with
maximum site concentrations above the RBSL s were identified as COPCs.
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|dentified Fuel-Related Chemicals of Potential Concern

Benzene, toluene, ethylbenzene, xylene, naphthalene, chlorobenzene, and 1,3,5-TMB
were identified as the site COPCs in soil. These analytes were present in soils at
concentrations high enough to potentially cause an exceedance of groundwater RBSLs
through soil leaching. It isimportant to emphasize that soil concentrations did not exceed
the RBSLs for ingestion of, or dermal contact with, soils under either a commercial or
industrial scenario. Soil concentrations are compared to the direct contact based RBSLs
in Table C.2, and to the soil leachability based RBSLsin Table C.3.

Benzene, toluene, ethylbenzene, naphthalene, chlorobenzene, 1,2,4-TMB, 1,3,5-TMB,
and cis-1,2-dichloroethene (cis-DCE) were identified as the groundwater COPCs (Table
C.4). All of these except cis-DCE are fuel-related compounds thought to be directly
associated with releases at Site ST-27. The compound cis-DCE is considered a COPC,
although its source is not related to Site ST-27.

All BTEX compounds identified in soil gas are potential ambient air COPCs (Table
C.5). Inaddition to being identified as potential COPCs, the concentrations of the BTEX
compounds found in soil gas samples, could potentially represent an explosive hazard to
Building 575 or subsurface utility systems. The potential explosion hazard was reduced
through installation and operation of a soil vapor extraction (SVE) system.

TIER 2 ANALYSISAND IDENTIFICATION OF CHEMICALS OF CONCERN

Chemicals identified as COPCs during the Tier 1 process should not automatically be
considered to be present at levels that pose unacceptable threats to human health. Rather,
these exceedances of the screening criteria indicate that further evaluation under more
site-specific exposure scenarios is warranted.

As described in Section 3 of this handbook, this second phase of evauation is
described as a Tier 2 evauation (SCDHEC, 1995) and consists of three steps. 1)
establishing site-specific exposure points, 2) establishing site-specific points of
compliance (or, asisthe case for Site ST-27, points of action (POAS)); and 3) calculating
the corresponding site-specific concentrations for the COPCs at the POAs and in the
source area, based on the measured and predicted attenuation of the COPCs. As part of
the Tier 2 analysis, exposure pathway completion was reexamined to identify only those
receptors and exposure pathways that realistically may be completed under actual current
or hypothetical future exposure scenarios, considering land uses and the results of the
chemical fate and transport assessment.

Nature and Extent of COPCs

The nature and extent of compounds identified as COPCs was evaluated using
previous site investigation data and the data collected during the 1995/1996 risk-based
site investigation. It was found that soil contamination at Site ST-27 is predominantly
within saturated soils underlying the former location of the 3,000 gallon JP-4 jet fuel UST
and the current location of the MOGAS and diesel USTs. Dissolved contamination
currently appears to impact an area of less than 2 acres within the immediate vicinity of
the fueling dispenser island and canopy on the north side of Building 575. Although
recent site data imply a southwesterly groundwater flow (and contaminant transport)
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direction, historical water table level measurements and compound-specific analytical
data suggest that multi-directional groundwater flow may occur at the site. A comparison
of compound-specific data at specific sampling locations over time shows that
groundwater COPC concentrations generally are decreasing. Figure C.4 presents
decreasing concentrations in benzene from 1988 through 1995 as an example of this
phenomenon.

Contaminant Fate and Transport

Modeling was performed to predict how COPCs may be transported and transformed
over time in LNAPL, soil, and groundwater based on site data and simple mathematical
solute transport calculations. This modeling assumed no engineered remedial action is
undertaken at Site ST-27. The behavior of COPCs under the influence of natural
physical, chemical, and biological processes was quantified to predict: 1) the extent that
soil COPCs could leach from contaminated soils and LNAPL into underlying
groundwater; 2) to assess the expected persistence, mass, concentration, and toxicity of
dissolved COPCs over time at the site; and 3) to estimate potential receptor exposure-
point concentrations. Available geochemical data indicated that groundwater COPCs are
biodegrading in saturated soils and groundwater. Based on sampling results and
modeling, site specific biodegradation rates were estimated for several COPCs. Based on
these biodegradation rates the half-life in saturated soil and groundwater for several
COPCs was estimated. Benzene's half-life was estimated at 5 years. The half-life of
toluene, ethylbenzene, and naphthalene were estimated at 3.5 years, 15 years, and 24
years, respectively. Even in the absence of SVE or bioventing, model simulations
suggest that benzene concentrations in the plume core will decrease below the level to
prevent further increases in plume size by the year 2005. Benzene concentrations should
be reduced by 95 percent by the year 2017. And, benzene should be reduced below the
Tier 1 RBSL of 5 ug/L at every sampling location by the year 2028.

The quantitative chemical fate assessment demonstrated that, although the dissolved
plume could increase in size and concentration over the next few years, natural chemical
attenuation processes will eventually be sufficient to achieve contaminant mass reduction
and minimize contaminant mobility. Under the SCDHEC Ground-Water Mixing Rule, a
plume doen not have to be remediated if it can be domonstrated that the plume is stable
and no exposure pathway is likely to be completed. However the fate and transport
analysis suggests that it may be desirable to implement some level of source reduction at
the site to limit the duration of monitoring requirements (and prevent additional adverse
impacts to groundwater quality in the source area from soil and LNAPL sources).

Exposure Pathways Analysis

Exposure pathway completion was reexamined to identify those receptors and
pathways that realistically could be completed. Exposure pathway analysis found that
only onsite intrusive and nonintrusive workers could be involved in completed exposure
pathways. Based on the available data and modeling results, there are no completed
pathways to current or future offsite receptors. The activities of onsite nonintrusive
workers are generally confined to the paved areas of the site, and even incidental contact
with contaminated soil or groundwater is unlikely. Volatilization from subsurface
sources could theoretically pose an inhalation risk to onsite outdoor workers if the
concrete apron is removed as part of future land use plans. However, no inhalation risk
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was predicted for outdoor workers when actual soil gas sampling data was used to
calculate risk. No air COPC was predicted to migrate into indoor breathing zones at
concentrations above the Tier 1 RBSLs. Therefore, no air exposure pathways will be
complete. Site ST-27 has very low groundwater seepage velocity and the potential for
multidirectional groundwater flow. These factors tend to limit plume migration and to
slow the biodegradation process (i.e., by minimizing the influx of appropriate electron
acceptors). However, as discussed above, natural attenuation should be sufficient to limit
plume migration by the year 2005, and reduce groundwater COPC concentrations by
about 95 percent by the year 2017. No significant plume migration is expected based on
conservative modeling results. Therefore, no completed pathway to offsite receptors
exists and the site is an excellent candidate for the SCDHEC Ground-Water Mixing Rule.

Development of Site-Specific Target Levels (SSTLS)

As part of the Tier 2 analysis, site-specific target levels are developed for those
chemicals detected at concentrations above the Tier 1 RBSLs, and which are involved in
acompleted or potentially completed exposure pathway. Given the outcome of the Tier 2
guantitative chemical fate and transport assessment, and the revised exposure pathway
analysis, onsite intrusive worker exposure to site-related contamination during excavation
activities was the only completed exposure pathway. Therefore, this was the only
scenario for which health-based Tier 2 SSTLs were developed. In addition, SSTLs for
capillary fringe soils were “back calculated” from the groundwater SSTLs to reassess the
potential for onsite soils to generate COPC leachate at concentrations equal to or greater
than the groundwater SSTLs. Table C.6 presents the soil leaching SSTLs. Table C.7
presents the groundwater SSTLs.

Comparison of Exposure-Point Concentrationsto SSTLs

After calculation of the SSTLs, these values were compared to the site-specific
contaminant levels, to determine which COPCs would require either remediation to the
SSTL levels or further evaluation under a Tier 3 analysis. The maximum detected
concentration of soil and groundwater COPCs were conservatively assumed to represent
the current and future exposure-point concentrations at Site ST-27. However, it is
important to note that the future exposure-point concentrations, for onsite workers
engaged in highly intrusive activities, are expected to be significantly lower than the
maximum concentrations observed during the 1995/96 sampling events, due to the
removal of contaminants via SVE/bioventing and natural attenuation processes.

Table C.6 compares the average detected soil COPC concentrations to the soll
leaching SSTLs. All the low-molecular-weight soil COPCs significantly exceed the soil
leaching SSTLs (i.e., benzene, toluene, ethylbenzene, xylenes, and chlorobenzene). The
leaching calculations suggest that these compounds will continue to leach from soils and
have an adverse impact on underlying groundwater for approximately 8 to 10 years, if no
additional remedial actions are taken. In contrast, the heavier hydrocarbon soil COPCs
(i.e., 1,3,5-TMB and naphthalene) only slightly exceed their soil leaching SSTLs. These
compounds will soon be occluded in soils, and no longer available to leach into
underlying groundwater.

Table C.7 compares the maximum detected groundwater COPC concentrations to the
health-based groundwater SSTLs. Benzene, toluene, naphthalene, and 1,2,4-TMB
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concentrations exceed the health-based groundwater reasonable maximum exposure
(RME) SSTLs. Benzeneisthe only groundwater COPC to exceed its health-based SSTL
by more than an order of magnitude. All other groundwater COPCs are approaching their
health-based SSTLs. The analytical model used to predict the long-term fate of COPCs
in impacted media indicates that benzene will be reduced below its health-based SSTL by
the year 2017 at every sampling location by natural chemical attenuation processes only.

DEVELOPMENT OF REMEDIAL ALTERNATIVES

based on the initial remedia screening process, and the results of the Tier 2 analysis,
several remedial approaches and technologies were retained for the development of
remedial alternatives. These technologies were selected to provide a range of passive to
more active response actions, al of which will minimize contaminant migration,
minimize increases in contaminant concentrations, and prevent receptor exposures. The
primary goa of al the candidate alternatives is to remediate Site ST-27 to a point at
which no contaminant concentrations exceed Tier 2 SSTLs. The SSTLs for Site ST-27
would be met in dightly different time frames and at different costs under each
aternative. The following remedial approaches and technologies were retained for
evaluation:

Long-term soil gas and groundwater monitoring;

Limited land use controls;

Groundwater use controls;

Public education;

Natural attenuation of soil and groundwater contamination;
Biosparging in the source area;

SVE in the source area; and

Post-SV E bioventing for the treatment of residual soil contamination.

The primary objective of source reduction technologies would be to more rapidly
remove contaminants from the shallow groundwater and unsaturated soils near Building
575, the suspected source area at Site ST-27. Accelerating the reduction of source
contamination will result in a decrease in the length of time that will be required to attain
the appropriate SSTLs for Site ST-27. Additionally, interim source reduction actions
(i.e., SVE), which have been implemented to reduce potential explosive and outdoor
inhalation hazards, may allow implementation of more cost-effective approaches.
Because natural attenuation has been effectively reducing dissolved contaminants in the
groundwater and limiting downgradient migration, this ongoing remediation process can
best be enhanced through a reduction of the continuing source of contamination at Site
ST-27. Two candidate source soil reduction technologies (interim SVE for the treatment
of contaminated soil gas and in situ bioventing for the treatment of residual soil
contamination) and one in situ groundwater treatment technology (biosparging) were
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retained for additional analysis. Three candidate remedial alternatives were developed
from the possible remedial techniques:

Alternative 1 - SVE as an Interim Action, Natural Attenuation, Long-Term
Monitoring, and Land and Groundwater Use Controls

Alternative 2 - SVE as an Interim Action, Continuing In Stu Bioventing in Source
Area, Natural Attenuation, Long-Term Monitoring, and Land and Groundwater Use
Controls

Alternative 3 - SVE asan Interim Action, In Stu Biosparging in Source Area, Natural
Attenuation, Long-Term Monitoring, and Land and Groundwater Use Controls

All three of the alternatives were evaluated in terms of effectiveness, implementability,
and cost. A summary of this evaluation is presented in Table C.8.

RECOMMENDED REMEDIAL ALTERNATIVE

Alternative 2 (SVE as an Interim Action, Bioventing in Source Area, Natural
Attenuation, Long-Term Monitoring, and Land and Groundwater Use Controls) was
recommended for remediation of Site ST-27 based on its expected effectiveness in
stabilizing the dissolved plume and attaining Tier 2 SSTLs, its relative simplicity with
respect to technical and administrative implementation, and its relatively low overall cost.

The conservative analytical model results suggest that the implementation of
bioventing after SVE in the source area could reduce the total mass of contaminants that
could be introduced into the groundwater over time at Site ST-27. There is considerable
evidence that SVE followed by in situ bioventing will effectively reduce fuel-related
contamination in soils and in soil gas in the vicinity of the source area at Site ST-27.
Most importantly, SVE will immediately reduce potentially explosive or hazardous
concentrations of fuel vapors from shallow subsurface soils.

Given the current and projected industrial land use at Site ST-27 and in surrounding
areas, no active groundwater remediation is required at this site to protect human health
or the environment (i.e., there is not a completed exposure pathway at the site).
Conservative modeling predicted limited soil gas volatilization into indoor and outdoor
air under natural convective/diffusive processes and limited downgradient plume
migration, with no off-base migration. Long-term groundwater monitoring will be used
to verify the effectiveness of natural attenuation and to assure that COPCs do not migrate
beyond the area under reliable exposure controls. Once plume stability has been verified
by several years of monitoring, the site will qualify for the SCDHEC Mixing Rule
Exemption.

Regulatory Approval

In June of 1997 SCDHEC responded with a written request for additional information
and/or clarification of several points, but agreed with the remediation strategy presented
inthe CAP. A final version of the CAP was provided to the Air Force and SCDHEC in
August of 1997.
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Remedial Action Implementation and Long-Term Monitoring

The SVE system operated for approximately 170 days between February 1996 and
May 1997 (this includes the 64 day pilot test period). Once TVH soil gas concentrations
were reduced to acceptable levels, the SVE system was converted to an air injection
bioventing system. At the start of the pilot test, the concentration of total volatile
hydrocarbons (TVH) of influent gas into the SVE system was greater than 20,000 ppmv.
Concentrations had been reduced to 740 ppmv at the time the system was permanently
shut down. Based on an average flow rate of 17.3 scfm and an average TVH influent
concentration of 2,560 ppmv, an estimated 3,030 pounds of volatile hydrocarbons were
removed during SVE operations. The internal combustion engine used to destroy the
volatile hydrocarbons operated at an average 97 percent efficiency.

At the conclusion of approximately 2 years of bioventing operations, compliance soil
samples will be collected to determine the degree of contaminant reduction. If
contaminant levels have been reduced to acceptable levels (i.e.,, below the Tier 2 soil
leaching SSTLSs), the bioventing system will be deactivated. Based on results from the
pilot tests performed at Site ST-27, 2 years should be adequate to reduce COPC
concentrations in contaminated soils at Site ST-27 to below Tier 2 soil leaching SSTLs.
Seasonal groundwater elevation changes of 2-3 feet are common at this site. During the
dry season, the fuel residuals in the capillary fringe will be "dewatered" and available for
bioventing of COPCs.

L ong-term groundwater monitoring is being proposed to verify that engineered source
reduction technologies and natural chemical attenuation processes are sufficient to
achieve the desired degree of remediation. Careful implementation of the long-term
groundwater monitoring plan is a key component of this CAP. The proposed remedial
aternative for this site cals for groundwater sampling every year until SSTLs are
attained at every sampling location. Additionally, 2 years of verification sampling will be
performed after SSTLs are attained to confirm plume stability and qualify the site for the
SCDHEC Ground-Water Mixing Rule Exemption.

A total of 10 wells (5 wells within the plume and 5 point of action wells outside of the
plume) will be used to monitor the stability of the dissolved COPC plume at the site over
time. The purpose of the monitoring events are to confirm that natural chemical
attenuation processes are reducing COPC concentrations and limiting mobility. These
wells are located within and surrounding the characterized areal extent of the dissolved
COPC plume to ensure that implemented remedial actions and natural chemical
attenuation processes are sufficient to eventually attain the most restrictive SSTLs and
ensure plume containment.

Verification of Land and Groundwater Use Controls

An important element of the recommended corrective action at Site ST-27 is land and
groundwater use controls. On the basis of the exposure pathways anaysis, Site ST-27 is
and will continue to be acceptable for continued industrial use provided nonintrusive
workers do not come into direct contact with impacted media on a regular basis, and
intrusive workers do not engage in excavation activities that disrupt the concrete apron
near the source area without appropriate personal protective equipment. It is
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recommended that access to the site continue to be restricted. This action will prohibit
unauthorized site access and unplanned ground disturbance.

The target cleanup objectives aso are based on the assumption that future land use
will not require extraction of shallow site groundwater for potable uses. Any future lease
or new land use of this land must stipulate that shallow groundwater will not be extracted
within 1,000 feet of detected dissolved contamination until COPC concentrations have
been reduced bel ow applicable concentrations.
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TABLEC.1
IMPACT OF SVE PILOT TEST ON SOIL GASCHEMISTRY
CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
SITE ST-27, CHARLESTON AFB, SOUTH CAROLINA

Vapor Distance Initial Values (2/7/96) Day 34 of Testing (3/12/96

Monitoring From HVW TVH Oxygen Carbon Dioxide|  Vacuum TVH Oxygen | Carbon Dioxide| Vacuum
Point (feet) (ppmv) ? (%) (%) (incheswater)| (ppmv) (%) (%) (inches water)
MP-1 85 >20,000 37 3 0 5,000 8.5 4.8 0.1
MP-2 65 >20,000 18 39 0 10,000 10.4 4.1 0.2
MP-3 50 66,000 0 8 0 5,000 0 8.8 0.1
MP-4 10 200,000 0 55 0 6,200 155 3.9 55
MP-5 45 110,000 0 45 0 5,200 22 8.9 0.3
MP-6 25 >20,000 0.6 43 0 18,400 2.2 6.0 3.9
MP-7 115 >20,000 0.6 43 0 1,480 0 7.2 0
MP-8 75 >20,000 0 5.9 0 6,800 0.2 6.9 0
MPA 40 120,000 ¢ 0¢ 6.9¢ 0 8,600 1.8 6.5 05
MPB 30 >20,000 0¢ NA ¢ 0 11,800 1.8 6.7 0.6
MPC 20 75,000 ¢ 0 6.0 0 10,200 1.1 6.8 0.9

4 TVH = Total volatile hydrocarbons; ppmv = parts per million volume per volume.

® TVH concentrations above calibration limit of field instrument (Gas Tech TraceTechtor ™).
 Based on ES (1993) bioventing pilot test analytical results.

Y NA = Not available.
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TABLE C.2
TIER 1EVALUATION
COMPARISON OF SITE SOIL CONCENTRATIONSTO DIRECT-CONTACT RBSLs
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Max. Conc. Max. Conc.
Detected Site SCDHEC Exceeds USEPA Exceeds
Maximum Commercial Commercial Industrial Industrial
Detected Analytes Concentration RBSLY RBSL RBSL RBSL Units
Benzene 34 99 No 200 No mg/kg
Toluene 320 200000 No 410000 No mg/kg
Ethylbenzene 150 100000 No 200000 No mg/kg
Xylenes (Total) 620 1000000 No 1000000 No mg/kg
Naphthalene 48 41000 No 82000 No mg/kg
Benzo(a)anthracene 0.26 3.9 No 7.8 No mg/kg
Benzo(b)fluoranthene 0.056 3.9 No 7.8 No mg/kg
Benzo(k)fluoranthene 0.026 39 No 78 No mg/kg
Chrysene 0.064 390 No 780 No mg/kg
Acenaphthene 15 - - 120000 No mg/kg
Anthracene 0.38 - - 610000 No mg/kg
Benzo(a)pyrene 0.036 - - 0.78 No mg/kg
bis(2-Ethylhexyl)phthalate 26 - - 410 No mg/kg
Chlorobenzene 21 - - 41000 No mg/kg
Fluoranthene 0.65 - - 82000 No mg/kg
Fluorene 23 - - 82000 No mg/kg
Pyrene 0.67 - - 61000 No mg/kg
1,2,4-Trimethylbenzene 360 - - 100000 No mg/kg
1,3,5-Trimethylbenzene 162 - - 100000 No mg/kg
2-Methylnaphthalene 67 - - - - mg/kg
Phenanthrene 2 - - - - mg/kg
1,2,3,4-Tetramethylbenzene 160 - - - - mg/kg
1,2,3-Trimethylbenzene 185 - - - - mg/kg

Sources: SCDHEC, 1995; USEPA Region 111, 1996.

¥RBSL = risk-based screeni ng level.

USEPA Region 11 (1995) criterion.

b _v = value not available.

k:\charles\csstudy\tablec.2



TABLEC.3
TIER 1EVALUATION
COMPARISON OF SITE SOIL CONCENTRATIONSTO SOIL LEACHABILITY RBSLs
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Avg. Conc. Avg. Conc.
Average SCDHEC Exceeds USEPA Exceeds
Site Leachability SCDHEC  Leachability USEPA
Detected Analytes Concentration RBSL? RBSL RBSL RBSL Units
Benzene” 3.62 0.007 Yes 0.016 Yes mg/kg
Toluene” 37.7 1.7 Yes 4 Yes mg/kg
Ethylbenzene” 38.2 1.5 Yes 4 Yes mg/kg
Xylenes (Total)” 148 44 Yes 59.2 Yes mg/kg
Naphthalene” 11.8 0.2 Yes 24 No mg/kg
Benzo(a)anthracene 0.171 0.7 No 0.56 No mag/kg
Benzo(b)fluoranthene 0.056 0.66 No 32 No mg/kg
Benzo(k)fluoranthene 0.026 4.6 No 32 No mg/kg
Chrysene 0.064 0.66 No 0.8 No mg/kg
Acenaphthene 0.726 ad - 160 No mag/kg
Anthracene 0.188 - - 3440 No mg/kg
Benzo(a)pyrene 0.036 - - 3.2 No mg/kg
bis(2-Ethylhexyl)phthal ate 5.07 - - 8.8 No mg/kg
Chlorobenzene” 3.05 - - 0.48 Yes mg/kg
Fluoranthene 0.441 - - 784 No mg/kg
Fluorene 0.664 - - 128 No mg/kg
Pyrene 0.443 - - 1120 No mg/kg
1,3,5-Trimethylbenzene” 47.4 - - 0.208 Yes mg/kg
2-Methylnaphthalene 16.1 - - - - mg/kg
Phenanthrene 0.604 - - - - mag/kg
1,2,3,4-Tetramethylbenzene 38.3 - - - - mg/kg
1,2,3-Trimethylbenzene 50.7 - - - - mag/kg
1,2,4-Trimethylbenzene 117 - - - - mg/kg

Sources: SCDHEC, 1995; USEPA Region I11, 1995.
¥RBSL = risk-based screening level.

®Analyte was retained for further evaluation if site concentration exceeds either SCDHEC (1995) or
USEPA Region |11 (1996) criterion.

cl
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TABLECA4
TIER 1 EVALUATION

COMPARISON OF SITE GROUNDWATER CONCENTRATIONSTO RBSLs
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Max. Conc. Max. Conc.
Detected Site Exceeds Exceeds
Maximum SCDHEC SCDHEC  USEPA USEPA
Detected Analytes Concentration RBSL? RBSL RBSL RBSL Units
Benzene” 6900 5 Yes 0.36 Yes Hg/L
Toluen& 10000 1000 Yes 750 Yes ug/L
Ethylbenzen% 2400 700 Yes 1300 Yes pg/L
Xylenes (Total) 6100 10000 No 12000 No pg/L
Naphthalen? 270 25 Yes 1500 No Hg/L
Acenaphthene 1 g - 2200 No Mo/l
Acetone 220 - No 3,700 No pg/L
Chlorobenzerfé 41 - - 39 Yes Ho/L
1,1-Dichloroethane 1.4 - - 810 No pg/L
cis-1,2-Dichloroethene 26 - - 61 No po/L
Diethylphthalate 9 - - 29000 No Mg/l
2,4-Dimethylphenol 61 - - 730 No pa/L
Di-n-butylphthalate 1 - - 3700 No ug/L
Methylene Chloride 1 - - 4.1 No pg/L
2-Methylphenol(o-Cresol) 32 - - 1800 No Mg/l
4-Methylphenol(p-Cresol) 45 - - 180 No pa/L
Phenol 5 - - 22000 No Mo/l
Trichloroethene 0.8 - - 1.6 No pa/L
1,1,1-Trichloroethane 4 - - 1300 No Mg/l
1,2,4-TrimethylbenzeRe 1400 - - 300 Yes Ho/L
1,3,5-Trimethylbenzeffe 390 - - 300 Yes Hg/L
2-Methylnaphthalene 120 - - - - Ho/L
Phenanthrene 1 - - - - pg/L
1,2,3,4-Tetramethylbenzene 140 - - - - pa/L
1,2,3-Trimethylbenzene 400 - - - - ug/L

Sources: SCDHEC, 1995; USEPA Region llI, 1995.
¥RBSL = risk-based screening level.

b’Analyte was retained for further evaluation if site concentration exceeds either SCDHEC (1995) or
USEPA Region Ill (1996) criterion.

v = value not available.
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TABLEC.5
TIER 1EVALUATION

COMPARISON OF SITE SOIL GASCONCENTRATIONSTO INHALATION RBSLs
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Detected Site SCDHEC Max. Conc. USEPA Max. Conc.

Maximum RBSLY Exceeds RBSL Exceeds

Concentration For Ambient SCDHEC For Ambient USEPA
Detected Analytes in Soil Gas Air RBSL Air RBSL Units
Benzene” 2,100,000 0.22 Yes 0.22 Yes ug/m3
Toluené 3,000,000 420 Yes 420 Yes g/t
Ethylbenzen® 1,200,000 1,000 Yes 1,000 Yes pg/nt’
Xylenes (Total} 4,100,000 730 Yes 7,300 Yes pg/nt

Sources: SCDHEC, 1995; USEPA Region IlIl, 1995.
¥RBSL = risk-based screening level.

b’Analyte was retained for further evaluation if site concentration exceeds either SCDHEC (1995) or
USEPA Region Il (1996) criterion.
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TABLEC.6
COMPARISON OF ANALYTICAL SOIL DATA TO SOIL LEACHING SSTLs
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Maximum Calculated Soil Leaching Soil Leaching Soil Leaching Does Max. Conc. |Does Avg. Conc.

Detected Average SSTL to Prevent SSTL to Attain SSTL to Attain Exceed Most Exceed Most
Soil COPC Units | Concentration” | Concentration” | Plume Expansion” | RME Health-Based SSTLY | CT Health-Based SSTL® | Stringent SSTL? | Stringent SSTL?
Benzene mag/kg 34 3.62 219 12 31 YES YES
Toluene ma/kg 320 37.7 198.0 268.3 355.3 YES NO
Ethylbenzene mag/kg 150 38.2 97.2 157.7 208.8 YES NO
Total Xylenes mg/kg 620 148 393.2 -- -- YES NO
Naphthalene mag/kg 48 118 305.5 4.4 58.8 YES YES
Chlorobenzene mg/kg 21 3.05 13.6 164.4 218.0 YES NO
1,3,5-Trimethylbenzene mg/kg 162 47.4 95.2 269.6 357.2 YES NO

NOTE: Derivation of SSTLs presented in Appendix E as part of chemical fate assessment.

¥ Maximum concentrations were obtained from the 1995 sampling event.

o Average soil concentration were calculated from analytical data collected during the 1995 sampling event.

o Site-specific soil leaching SSTL based on partitioning relationship developed in Section 6 to evaluate long-term leaching of soil COPC mass from soils. Based on literature-reported
Kp value, site-specific foc of 0.005, and simple equilibrium partitioning model used to simulate observed site conditions. Target groundwater concentration to prevent expansion
of plume boundary was estimated using analytical model ONED3 (Section 6.6.4). Used target groundwater concentration to "back calculate" groundwater protective SSTL.

g Site-specific soil leaching SSTL based on partitioning relationship developed in Section 6 to evaluate long-term leaching of soil COPC mass from soils. Based on literature-reported
Kp value, site-specific foc of 0.005, and simple equilibrium partitioning model used to simulate observed site conditions. Target groundwater concentration = RME health-based
groundwater SSTL (worker dermal exposure to groundwater) was used to "back calculate" groundwater protective SSTL.

¢ Site-specific soil leaching SSTL based on partitioning relationship developed in Section 6 to evaluate long-term leaching of soil COPC mass from soils. Based on literature-reported
Kp value, site-specific foc of 0.005, and simple equilibrium partitioning model used to simulate observed site conditions. Target groundwater concentration = CT health-based
groundwater SSTL (worker dermal exposure to groundwater) was used to "back calculate" groundwater protective SSTL.
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TABLE C.7

COMPARISON OF ANALYTICAL GROUNDWATER DATA TO SITE-SPECIFIC TARGET LEVELS
SITE ST-27 CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
CHARLESTON AFB, SOUTH CAROLINA

Detected Site Tier 2RME Tier 2 CT (Average) Tier 1 Does Detected Site If "YES," Does Detected Site
Maximum Health-Based Exposure Health- SCDHEC/EPA Maximum Concentration Maximum Concentration

COPC Units  Concentration” SSTLS” Based SSTLs” Generic RBSLs? Exceed RME SSTL? Exceed CT SSTL?
Benzene Ho/L 6900 2407 640% 0.36 YES YES
Ethylbenzene po/L 2400 2,500 3,400 700 NO -
Toluene Hg/L 10000 8,800 12,000 750 YES NO
Naphthalene pg/L 270 260 330 25 YES NO
Chlorobenzene Mo/l 41 320 430 39 NO -
1,2,4,-Trimethylbenzene  pg/L 1400 720 950 300 YES YES
1,3,5-Trimethylbenzene Mo/l 390 720 950 300 NO -
cis-1,2-Dichloroethene po/L 26 2,000 2,600 61 NO -

NOTE: Derivation of SSTLs presented in Appendix F.

¥Maximum concentrations were obtained from the 1995-96 risk-based investi gation sampling events,

YRME SSTLsare desi gned to protect onsite intrusive workers from unacceptable exposure due to incidental exposure
viadermal contact with dissolved chemicalsin groundwater using site-specific exposure assumptions (carcinogenic value
for benzene; noncarcinogenic values for al other COPCs).

o Average or CT SSTLs (i.e., SSTLs based on average exposure assumptions) are provided for comparison with RME
SSTLsfor onsite intrusive workers exposed viaincidental dermal contact with dissolved chemicalsin groundwater (carcinogenic
value for benzene; noncarcinogenic values for al other COPCs).

¥ SCDHEC (1995)/EPA Region V111 (1996) (the lesser of the two values) generic RBSLs would be protective of onsite
workers whose drinking water comes from an onsite groundwater source.

¥ Health-based SSTL values for benzene (acarcinogen) are based on target risk levels of 10° (see Appendix F for
calculated SSTLs values based on target risks of 10 and 10°).
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TABLEC.8

SUMMARY OF REMEDIAL ALTERNATIVE EVALUATION
CORRECTIVE ACTION PLAN
RISK-BASED APPROACH TO REMEDIATION
SITE ST-27, CHARLESTON AFB, SOUTH CAROLINA

Remedial Alternative Effectiveness Implementability Present Worth
Cost Estimate
Alternative 1 $200,550
-SVE asan Interim Action Contaminant mass, volume, and toxicity will Technically simple and easy to implement.
-Natural Attenuation gradually be reduced by natural attenuation L ong-term groundwater monitoring for 22 years
-Long-Term Monitoring alone. Most restrictive Tier 2 SSTLswill be isrequired. Groundwater use restrictions need
-Land and Groundwater Use Controls | met in approximately 20 years. to be implemented and would not incur any
additional land use restriction beyond those
currently in place at Site ST-27. Requires
public education.
Alternative 2 $202,522
-SVE asan Interim Action Similar to Alternative 1, with the addition of L ong-term groundwater monitoring for 12 years
-In Stu Bioventing in Source Area bioventing to increase contaminant removal and | is expected. The bioventing system is expected
-Natural Attenuation degradation in the source area. Attainment of to operate for 2 years. This system will require
-Long-Term Monitoring the most restrictive Tier 2 SSTLsin weekly monitoring. Groundwater and land use
-Land and Groundwater Use Controls | approximately 10 years. Pilot testingindicated | restrictions would be the same as Alternative 1.
bioventing will significantly remove BTEX Positive public perception.
compounds from unsaturated soils.
Alternative 3 $609,905

-SVE

-In Stu Biosparging in Source Area
-Natural Attenuation

-Long-Term Monitoring

-Land and Groundwater Use Controls

Similar to Alternative 2, with biosparging for
the active remediation of groundwater
contamination. Tier 2 SSTLswill be met in
approximately 9 years.

Operation of the biosparging/SVE system for 3
yearsis expected. Long-term groundwater
monitoring for 11 years will be required.
Lengthy lead time required for design and
installation of groundwater biosparging system.
Positive public perception.
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CASE STUDY D
SITE ST-14
CARSWELL AFB/NASFORT WORTH JRB



INTRODUCTION

Parsons Engineering Science, Inc. (Parsons ES) was retained by the United States
(US) Air Force Center for Environmental Excellence (AFCEE) to prepare a remedial
action plan (RAP) for the risk-based remediation of soil and groundwater contaminated
with fuel hydrocarbons at Site ST14 at Carswell Air Force Base (AFB)/Naval Air Station
(NAS) Fort Worth Joint Reserve Base (JRB), in Fort Worth, Texas (the Base). The
purpose of the RAP was to develop and describe a recommended remedia action to be
implemented at Site ST14 that met the requirements of the State of Texas Natural
Resource Conservation Commission (TNRCC). In particular, the remedial action was
performed in accordance with Title 31 of the Texas Administrative Code (TAC), Chapter
334, the petroleum storage tank (PST) rules.

As described in the main text of this handbook, risk-based remediation is designed to
combine natural physical, chemical, and biological processes with low-cost source
reduction technologies such as in situ bioventing, as necessary, to economically reduce
potential risks to human health and the environment posed by petroleum releases. The
RAP was prepared as part of a multi-site initiative sponsored by AFCEE to develop this
handbook on how best to implement risk-based corrective actions (RBCAS) at fuel-
contaminated sites.

REGULATORY FRAMEWORK

The TNRCC has adopted atiered, risk-based approach to the remediation of petroleum
hydrocarbon contaminated sites that is similar to the American Society for Testing and
Materiadls (ASTM) RBCA process and the Air Force risk-based remediation strategy.
This approach allows for the establishment of site-specific target levels (SSTLs) based on
an analysis of potential receptor exposures to chemical contamination at or migrating
from the release site. Generic cleanup criteria (developed by the TNRCC) and site-
specific chemical fate and receptor exposure data are used to identify the most cost-
effective remedial approach.

The RAP for Site ST14 combined into a single document the documentation elements
specified by the PST Division of TNRCC (TNRCC, 1994a, 1994b, 1995a, 1995b, and
1995¢) for a limited site assessment, Plan A (Tier 1) and Plan B (Tier 2) comprehensive
assessments, a Plan B exposure assessment, and a proposal for implementing an
appropriate remedial action at the site. Plan A, or Tier 1 assessments are designed to
establish cleanup levels based on specified methods, conservative assumptions regarding
potential human exposure, and a limited number of site-specific factors. Plan A target
concentrations have been defined by the TNRCC for both generic unrestricted (i.e.,
residential) and generic industrial/commercial land use assumptions. Plan A evaluations
have been defined by TNRCC (1994a) as screening-level evaluations (i.e., atypical Tier
1 screening using risk-based screening levels (RBSLS) as described in Section 3 of the
handbook). As presented in Section 3 of the handbook, some states have developed their
own screening criteria, making the development of Tier 1 RBSLs unnecessary. The State
of Texasis agood example of where the state regulatory agency has already defined Tier
1 RBSLs, making it very simple to perform a Tier 1 evaluation. Furthermore, TNRCC
(1994a) recommends that all sites be initially evaluated under Plan A.

D:\AF Risk\Data\ CARSCST.DOC
D-1



The generic cleanup criteriaor RBSLs are used to identify which, if any, contaminants
and environmental media may warrant additional evaluation or remediation to protect
human health and the environment. If measured site concentrations do not exceed the
applicable Plan A criteria, no additional remedial actions will be required by the TNRCC
other than maintaining the land use in accordance with the exposure assumptions used to
derive the generic cleanup goals. However, in the event that measured concentrations
exceed the applicable Plan A target concentrations, a Plan B evaluation may be necessary
to establish reasonable SSTLs.

Plan B, or Tier 2, remedia actions are based on the outcome of a limited risk
assessment to evaluate current and potential human health risks and short-term and long-
term fate of the contaminants at the site. The State of Texas alows aternate, health-
protective SSTLs to be proposed as part of a Plan B evaluation. Refer to Section 3.2 of
the handbook for further discussion on the development of SSTLs. Although Plan B (i.e.,
Tier 2) evaluations usualy involve more rigorous analysis and may require use of
ingtitutional controls or engineered barriers to ensure that exposure conditions do not
change over time, they result in a more focused remediation of those contaminants that
actually pose arisk to potential receptors. A Plan B evaluation will result in the same
level of health protection as a Plan A, because remediation is focused on those elements
that pose arisk under given site conditions.

SITE BACKGROUND
Operational History

Site ST14 is located in the East Area of Carswell AFB/NAS Fort Worth JRB. The
Base is located approximately 6 miles west of downtown Fort Worth, Texas. Four
discrete sites have been identified in the East Area of the Base that may be potential
sources of contamination (Radian Corporation [Radian], 1991). These sites include Site
LFO1 (landfill), Site BSS (Base service station), Site ST14 (POL tank farm and adjacent
fuel loading area), and Site SD13 (unnamed stream and abandoned gasoline station).
Sites ST14 and SD13 are located in the southern portion of the East Area. Because Site
SD13 is downgradient from Site ST14, dissolved contamination originating from the
POL tank farm and adjacent fueling areas may have migrated to and impacted this area.
The other two East Area sites are located north of (essentially upgradient from) the
dissolved plume originating at Site ST14, and data indicate that they are not impacted by
contamination originating from Site ST14.

Site ST14 isdivided into two areas, Site ST14A and Site ST14B. Site ST14A consists
of afuel loading area and an area downgradient from the fuel loading area. Site ST14B is
the tank farm portion of the site and consists of three aboveground storage tanks (ASTS).
Three additional tanks, which were formerly located at Site ST14B, have been
dismantled. The layout of Site ST14 is shown in Figure D.1. All of Site ST14 has been
an area of fuel storage during most of the Base’s operating history (i.e., from 1942 to the
present).

During the early 1960s, JP-4 jet fuel was discovered in soil and groundwater at and
downgradient from Site ST14. Leaking underground fuel lines are the suspected source
of subsurface contamination at this site. A french drain system constructed of perforated
ceramic tile, and interceptor box, and a pumphouse was apparently installed
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downgradient from the site to collect fuel product leaking from Site ST14 and possibly
Site SD13. The installation date and construction details of the french drain system are
unknown; no as-built drawings were located (Law Environmental Government Services
[Law], 1994). In the mid 1960s, the interceptor box and pumphouse were replaced with
an oil/water separator. The french drain system was apparently connected to this
underground oil/water separator. Water from this oil/water separator was discharged into
a perennial unnamed stream, which flows about 200 feet east into Farmers Branch.
Farmers Branch in turn discharges to the Trinity River along the eastern boundary of the
Base

Previous I nvestigations

Sites ST14A, ST14B, and SD13 have been characterized under the US Air Force IRP
(Radian, 1985, 1988, and 1989). Additional site investigation data were collected at these
sites as part of the 1993 bioventing pilot test program sponsored by AFCEE (ES, 1993),
the 1994 RFI completed by Law, and the 1994/1995 risk-based investigation conducted
by Parsons ES. All available data from these sources were used in the RAP to
characterize the nature and extent of contamination and to determine the type, magnitude,
and timing of remediation necessary to protect human health and the environment. The
following briefly summarizes the site characterization data available prior to 1994.

The results of two soil gas surveys conducted in 1987 (Radian, 1988) and 1993 (ES,
1993) at Site ST14A both indicated a soil gas plume centered in the northern end of the
site (Figure D.1). Compound-specific data were collected in this area as part of the 1993
bioventing pilot test. Compound-specific soil gas analytical results indicated that fuel
hydrocarbons were the principal contaminants. No chlorinated volatile organic
compounds (VOCs) were detected. Soil gas samples collected in 1993 from
contaminated soils at Site ST14A had high concentrations of total volatile hydrocarbons
(TVH), but relatively low concentrations of specific compounds such as ethylbenzene and
xylenes. These soil gas samples also were depleted in gaseous oxygen (ranging from 0.8
to 3.8 percent) and had elevated carbon dioxide, suggesting that significant biological fuel
degradation may be occurring in fuel-contaminated soils at the site (ES, 1993).

Although no soil samples were collected at Site ST14B for chemical analysis prior to
1994, soil data w